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ABSTRACT 

 

Biogas, a renewable gas, is a potential alternative to natural gas. It is mostly composed of 

CH4 and CO2 and is obtained during anaerobic fermentation of organic waste. CH4 makes 

it a combustible fuel while CO2 restrains its compressibility and calorific value. To 

augment its applicability, CO2 and other impurities like H2S, moisture are separated from 

biogas and upgraded to biomethane with above 90% CH4. Among the variety of biogas 

cleaning and upgrading methods, water scrubbing is the most feasible method. During the 

process, raw biogas is split in two major gas streams: the CH4 rich (above 90%) 

biomethane stream and the CO2 rich (80-90%) off stream with significant CH4 loss being 

an integral part of the process. Hence, there is an urgent need not only to optimize water 

scrubbing process to upgrade biogas with above 90% CH4 but also to develop approaches 

and sophisticated equipments to maximize recovery of CH4 loss and separate CO2 from 

the off gas stream. In the present study, water scrubbing based biogas upgradation system 

at IIT Delhi has been investigated in detail. Other major objective of the research are to 

minimize and recover CH4 loss and to separate CO2 with 99.9% purity from the off gas 

stream of the water scrubbing process.  

The performance assessment of water scrubbing based biogas upgradation system 

revealed various limitations. The water scrubber was redesigned with the help of a 

MATLAB GUI software and numerous modifications were done in the system to increase 

its efficiency. Optimisation of the water scrubbing based biogas upgradation system with 

150mm and 3000mm scrubbing column diameter and height was accomplished for 95% 

CH4 in upgraded biogas. The highest observed CO2 absorption efficiency of the 

upgradation system is 97 %. Raw biogas with flow rate of 10Nm
3
/h at the pressure of 

10bar and water flow of 2.0m
3
/h could be upgraded to 94.8% CH4 which corresponds to 

2.5% CO2 in upgraded biogas. This is lower than the requirement of 3% CO2 in 

biomethane for vehicle utilization in India. The 9.9% CH4 loss obtained during the 

process was quite high and needed sophisticated equipment to minimise and thus recover 

it from the off gas stream of the process.  

During the study, it was established that various factors affect and contribute to the CH4 

loss of the system. The flash tank installed in between the water scrubbing column and 
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desorption tank to partly depressurise water, to minimise CH4 loss and increase CH4 

recovery has also been studied. It was observed that desorption pressure in the flash tank 

should be kept low to recover maximum CH4 from pressurised water coming from the 

water scrubbing column and retention time of water apt enough to facilitate even small 

gas bubbles released from water to rise towards the top instead of being dragged into the 

desorption column. During the study, it was ascertained that the optimum CH4 recovery 

of 8.7% was achieved from flash tank at 2 bar pressure and 60 seconds retention time 

with CH4 loss% of 0.8% from the desorption tank. The studied flash tank effectively 

minimised CH4 loss from 9.9% to 0.8%. 

A water scrubber was designed, developed and optimized for CO2 recovery and it was 

established that it was capable of retrieving maximum CO2 from off gas stream of water 

scrubbing based biogas upgradation plant. At 5Nm
3
/h gas flow rate, 5 bar pressure, 

1.8m
3
/h water flow rate and 2000mm height of the packed bed, the system was efficient 

to produce 99.9% pure CO2 at 88.2% CO2 adsorption efficiency from off gas stream of 

water scrubbing based biogas upgradation plant. The developed CO2 recovery system 

enhanced the efficacy of small-scale biogas upgradation plants by making the complete 

system carbon negative and cost effective. 

The energy required for 10 Nm
3
/h capacity water scrubbing based biogas upgradation, 

compression and bottling plant is 0.575 kWh / Nm
3
 of raw biogas.The energy required for 

5 Nm
3
/h capacity water scrubbing based CO2 purification system alone is 0.12 kWh / 

Nm
3
 of raw biogas. If both the systems are run simultaneously then the total energy 

requirement is 0.695 kWh / Nm
3
 of raw biogas. Cost Economics of 200 Nm

3
/day biogas 

production, 10Nm
3
/h biogas upgradation and bottling plant and 5Nm

3
/h CO2 recovery 

setup presents that it is a feasible project with payback period of 4 yrs. and high internal 

rate of interest of 28.58%. The return on investment on the project is high at 46.5% and 

can be recommended for small scale biogas upgradation and CO2 recovery setups.  
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 tSo xSl] v{k;xSl izkd`f’kd] xSl dk ,d lEHkkfor fodYi gSA ;g 

tSfod vifo’V ds vok;oh; fd.ou ds nkSjku izkIr gksrk gSA ftlesa vf/kdre 

ek=k esa esFksu (CH
4
) dkcZuMkbZ vkDlkbM (CO

2
) gksrk gSA esFksu (CH

4
) ,d 

Toyu”khy bZa/ku cukrk gSA tcfd dkcZu MkbZ vkDlkbM (CO
2
) mlds ncko 

o dSyksjheku dks fu;af=r djrk gSA bldh iz;ksT;rk dks c<kok nsus ds fy, 

dkcZuMkbZ vkWDlkbM vkSj gkbMªkstu lYQkbM rFkk ueh vkfn dks tSo xSl ls 

vyx dj bls uhohud`r fd;k tkrk gSA ck;ks esFksu ftlesa fd 9+0 izfr”kr ls 

T;knk esFksu gksrk gSA ck;ksxSl lQkbZ vkSj uohuhdr̀ fof/k;ksa esa ty LØfcax 

lcls O;ogkfjd fof/k gSA bl izfØ;k ds nkSjku vifjiDo tSo xSl nks izeq[k 

xSl /kkjkvksa esa foHkkftr gks tkrk gSaA 90 izfr”kr ls T;knk CH
4
 ;qDr esFksu 

/kkjk vkSj ¼80&90½ izfr”kr dkcZu MkbZ vkDlkbM vf/kdrk dh cUn /kkjk ftlesa 

dqN mfpr ek=k esa esFksu dh deh ml izfØ;k esa vUrfuZfgr gSa blfy, ;gka 

uohuhd`r tSo xSl ty LØfcax fof/k ls 90 izfr”kr ls T;knk esFksu izkfIr gh 

izeq[k vko”;drk ugh gSa ofYd ,slh fof/k fodflr djuk vkSj tfVy la;= 

rS;kj djuk tks esFksu dh vf/kdrk c<k;s vkSj cUn /kkjk ls dkcZu MkbZ 

vkDlkbM (CO
2
) dks vyx djsaA orZeku v/;;u esa] vkbZ0 vkbZ0 Vh0 fnYyh 

esa ty LØfcax vk/kkfjr tSoxSl uohuhd`r iz.kkyh dh foLrkj ls tkap dh xbZA 

vuqla/kku ds nwljs izeq[k mn~ns”; ty LØfcax esa de ls de esFksu ds uqdlku 

dks Bhd djus ds fy, vkSj dkcZu MkbZ vkWDlkbM ¼99 izfr”kr ½ “kq)rk ds lkFk 

cUn xSl ls vyx djuk gSA  

  ty LØfcax vk/kkfjr tSoxSl uohuhdr̀ iz.kkyh izn”kZu ds 

vkdyu dh lhek,a gSA eSVySc th0 ;w0 vkbZ0 lk¶Vos;j dh enn ls ty 
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LØcj dk u;k Lo:i cuk;k x;k vkSj bldh n{krk dks c<kus ds fy, dbZ 

la”kks/ku fd;s x;sA ty LØfcax vk/kkfjr tSo xSl uohuhdr̀ iz.kkyh dk 

vuqdwyu 150 fe0 eh0 O;kl ds lkFk vkSj 3000 fe0 eh0 ÅpkbZ] 95 izfr”kr 

CH
4
  esFksu uohuhd̀r tSoxSl ds fy, fd;k tkrk gSA ;g ns[kk x;k 

uohuhd`r iz.kkyh esa dkcZu MkbZ vkWDlkbM vo”kks’k.k n{krk lcls T;knk 97 

izfr”kr gSaA vifjiDo tSo xSl dh izokg nj 10 U;wVu ehVj
3 
izfr ?k.Vk] 10 

ckj ds ncko ij vkSj ikuh dh izokg nj 2 ehVj
3
  izfr ?k.Vk 94-8 izfr”kr 

esFksu ds fy, c<k;k x;k tks uohuhdr̀ tSoxSl esa 2-5 izfr”kr dkcZu MkbZ 

vkWDlkbM ls esy [kkrh gSaA Hkkjr esa okgu mi;ksx ds fy, tSoxSl esFksu esa 3 

izfr”kr dkcZu MkbZ vkWDlkbM dh vko”;drk ls de gSa 9-9 izfr”kr esFksu dh 

deh bl iz.kkyh ds nkSjku cgqr T;knk ik;h xbZ vkSj bls de djus ds fy, 

tfVy la;U= dh vko”;drk gSA tks esFksu gkfu dks de djds cUn tSo xSl 

izfØ;k ls izkIr fd;k tkrk gSA v/;;u ds nkSjku ;g ik;k x;k gS fd bl 

iz.kkyh esa esFksu dh deh dks fofHkUu rF; izHkkfor djrs gSA esFksu gkfu dks de 

djus vkSj esFksu dh vf/kdre izkfIr ds fy, ¶yS”k VSd dks ty LØfcaax LrHk 

vkSj fMtkiZlu VaSd ds chp yxk;k x;kA ;g ns[kk x;k gS fd ty LØfcax 

LrEHk ls vkus okyh nokc;qDr ty ls   vf/kdre esFksu izkIr djus ds fy, 

¶yS”k VSad esa fMtkiZlu ncko de gksuk pkfg, vkSj mi;qDr ty ds vo/kkj.k 

le; dks i;kZIr cukus ds fy, ikuh ls cus NksVs xSl ds cqycqys dks fMtkiZlu 

LrEHk esa Mkyus ds ctk; Åij mBkuk vf/kd lqfo/kk tud gSA v/;;u ds 

nkSjku ;g fu/kkZfjr fd;k x;k fd fMtkiZlu VSad ls 0-8 izfr”kr esFksu dh 

gkfu ds lkFk 2 ckj ncko vkSj 60 lsds.M rd j[kus ij 8-7 izfr”kr mi;qDr 

esFksu dh ek=k izkIr gksrh gSA mi;qDr ¶yS”k VSd esa esFksu dh gkfu dks 9-9 

izfr”kr ls 0-8 izfr”kr rd de fd;k tk ldrk gSA  

  mi;qDr dkcZu MkbZ vkWDlkbM dh iqu% izkfIr ds fy, ,d ty 

LØcj fufeZr vkSj fodflr fd;k x;k gSA ty LØfcax cUn xSl /kkjk ls 
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vf/kdre dkcZu MkbZ vkWDlkbM izkIr djus esa l{ke gSaA tks tSo xSl mUu;u 

la;U= ij vk/kkfjr gSaaA tc LØfcax cUn xSl /kkjk ls 5 U;wVu ehVj
3 
 izfr 

?k.Vk dh xSl xokg nj] 5 ckj ncko]      1-8 ehVj
3 
izfr ?k.Vk ty izokg 

nj vkSj 2000 fe0 eh0 ÅpkbZ ds cUn vk/kkj la;= ls 88-2 izfr”kr dkcZu MkbZ 

vkWDlkbM fMtkiZlu n{krk ij 99-9 izfr”kr “kq) dkcZu MkbZ vkWDlkbM mRiUu 

dh tk ldrh gSA tks fd tSo xSl mUu;u la;= ij vk/kkfjr gSA dkcZu gkfu 

vkSj mi;qDr dher nj ls fodflr iqu dkcZu MkbZ vkWDlkbM izkfIr dh iz.kkyh 

}kjk y?kq tSo mUu;u la;= dh {kerk c<kbZ tk ldrh gSA  

  10 U;wVu ehVj
3 
izfr ?k.Vk {kerk okys ty LØfcax vk/kkfjr tSo 

xSl mUu;u] laihMu vkSj cksry la;U= ds fy, vifjiDo tSo xSl dh 0-575 

fdyks okV izfr U;wVu ehVj
3 
 ÅtkZ vko”;d gSaA 5 U;wVu ehVj

3 
 izfr ?k.Vk 

{kerk okys dkcZu MkbZ vkWDlkbM “kq)/khdj.k izfØ;k ij vk/kkfjr ty LØfcax 

la;U= ds fy, vifjiDo tSo xSl dh 0-12 fd0 okV izfr U;wVu ehVj
3 
ÅtkZ 

vko”;d gSaA ;fn nksuks iz.kkyh ,d lkFk fØ;kfUor gksrh gS rks vifjiDo tSo 

xSl dh 0-695 fdyks okV izfr U;wVu ehVj
3 
ÅtkZ dh vko”;drk gksrh gSaA 

vkfFkZd n`f’V ls 200 U;wVu ehVj
3 
izfrfnu tSo xSl mRiknu] 10 U;wVu ehVj

3 
 

izfr ?k.Vk tSo xSl mUu;u vkSj cksry la;U= rFkk 5 ehVj
3 
 izfr?k.Vk dkcZu 

MkbZ vkDlkbM izkfIr lajpuk 4 o’kZ dh fuos”k okilh vof/k vkSj 28-58 izfr”kr 

C;kt dh mPp vkUrfjd C;kt nj mi;qDr ifj;kstuk dks iznf”kZr djrh gSaA 

bl ifj;kstuk esa fuos”k okfilh 46-5 izfr”kr vf/kd gSa NksVs iSekus ij mUu;u 

tSo xSl vkSj dkcZu MkbZ vkDlkbM izkfIr la;U= ds fy, Lohdk;Z gSA 
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