
Fertilizing Energy

INDIAN BIOGAS ASSOCIATION
www.biogas-india.com

Magazine 

June 2017

Asia's biggest milk processor goes green: 

Banas Dairy starts using Bio-CNG (Page 14)

Policy initiatives by Maharashtra Energy

Development Agency (Page 21)

Self sustainable Gaushalas 

(Page 05)

BI GAS

Sponsored By :

www.atmospower.net
www.biogaspurifier.com



Nitrogen,
Oxygen and

Hydrogen gas
genera�on

plants

Designing, 
Manufacturing,
and Installa�on

of the Plants

+91-9879340844
+91-9099903701
sales@atmospower.net 
mkt@atmospower.net

For any queries, please
call or email us

ATMOS POWER PVT LTD
Plot No. C- 1- 39/3, Phase 3, Near Mazda Limited Nana Chiloda Circle G. I. D. C., Naroda

www.atmospower.net
www.biogaspurifier.com

www.atmospower.net, www.biogaspurifier.com

Atmospower is a leading Green Energy company with exper�se in 
renewable gas separa�on systems. It is the market specialist in the Biogas 
Upgrada�on/Purifica�on Arena with more than 35 purifica�on plants 
across India.

Biogas Purifica�on Technology can be used in any industry that generates 
organic waste, ranging from press mud to poultry waste. Most recently 
AtmosPower helped Banas Dairy, Asia's Largest Milk Processor, in se�ng 
up a biogas purifica�on facility for cap�ve consump�on.

AtmosPower also offers turnkey solu�ons that include designing, 
manufacturing, and installa�on of the Biogas Plant. Apart from Biogas 
Purifica�on systems, AtmosPower also manufactures Nitrogen, Oxygen, 
and Hydrogen gas genera�on plants, along with Air & Gas Dryers.

35+
Biogas

Purifica�on
Plants 



INDEX

Design & Printed By: The Color Impressions

Financed By: Published By: Coordinated By: In Coopera�on With:

IBA News
• Self Sustainable Gaushalas, Pg. No. 05
• A workshop on Biowaste to Biogas at IFAT 2017, Pg. No. 08
• Slash of GST rates brings sigh of relief to the Biogas Sector, Pg. No. 09

Success Story
• Biogas (off-grid) Power Project in rural Maharashtra, Pg. No. 24

Research & Development
• Torrefaction: An efficient pre-treatment method for Pyrolysis, Pg. No. 33

International Corner
• RedBioLAC: A biogas network of Latin America, Pg. No. 30 
• Unlocking the potential of poultry manure, Pg. No. 12

Policy
• Policy initiatives by Maharashtra Energy Development Agency , Pg. No. 21

National Corner
• Asia's biggest milk processor goes green, Pg. No. 14 
• Biogas and Bio-slurry business opportunities and obstacles., Pg. No. 17 
• Biogas purification – by activated Carbons , Pg. No. 27



www.biogas-india.com Biogas Magazine I June 2017 I  04

ndia need to adopt a novel strategy I for promo�ng bio-energy and 
biogas, in par�cular. The new GST 
regime was to bring incremental tax 
components on biogas and its 
products, which needed a collec�ve 
effort from biogas community to 
confront.  Government of India 
reacted posi�vely on it though. We 
would like to thank the twelve 
thousand people, who par�cipated in 
our online pe��on. The poten�al for 
biogas and bio-fer�lizer is there but 
the ques�on is how to harness it? The 
only answer to it  would be to 
streamline the whole process or 
develop  a  proper  ecosystem 
emphasizing not only on energy 
component but also on manure 
component. Manure from biogas 
plant i.e., bio fer�lizer is definitely 
be�er than city compost but should at 
least be treated equally from subsidy 
point of view.

Stakeholders throughout the biogas 
area agree that determina�on of 
compensa�on to the biogas as per 
current process entails many risk 
factors and problems, but there is a 
minimum clarity on the streamlining 
the future policies within the current 
poli�cal framework in India. In 
par�cular, the specified electricity rate 
s�ll faces the ambiguity based on 
project specific tariff.  Also, the Bio-
CNG should be compensated – 
directly or indirectly.  The addi�onal 
impact and poten�al of biogas plants

from   socio - economic   and 
environmental perspec�ve include:
• Enhanced  fer�lizer  for  crops  by 
recovering  nutrients  in  organic 
materials,
• Reduced greenhouse gas emissions 
   by replacing fossil fuel consump�on,
   with renewable energy consump�on,
• Health and Hygiene,
• Nitrogen and Carbon fixa�on, 
• Be�er on-farm innova�on and job 
    crea�on, and
•  Reduced odour and pathogens.

The above must  be taken into 
considera�on in a quan�fied manner 
to analyse the overall impact of the 
biogas plants. The present boost from 
GoI is  welcome in the form of 
encouraging biogas in Gaushalas. One 
such state-of-the-art model was 
envisaged by Indian Biogas Associa�on 
and promoted with our life-�me 
member M/S Atmos Power. The details 
can be explored in this issue.

We are realizing more and more need 
of the skilled manpower in this sector. 
In this direc�on, our upcoming Biogas 
App, the beta version is already in 
pipeline now, and the full-fledged 
correspondence course coupled with 
onsite training would certainly be an 
important step. Volunteers are invited 
for the tes�ng of first phase of the App. 
The email  can be addressed to 
info@biogas-india.com. The current 
Biogas App not only allows the users to 
calculate the biogas poten�al and 
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many other parameters of more than 
200 substrates but also maps the 
current biogas plants and substrates. 
Indian Biogas Associa�on team is 
working religiously on it. The second 
phase of the Biogas App will bring much 
more advanced features including a 
helpline facility for the farmers and 
other stakeholders. Correspondence 
course – supported by IIT and IIM faculty 
and graduates – is to be launched in 
current fiscal year. We have also 
planned for a construc�ve discussion in 
general assembly in September 2017 
during IFAT in Mumbai. A long pending 
task of formalizing the local working 
groups is also in progress!

Mul�-na�onal companies are already 
showing their interest in bringing the 
vast experiences to India along with the 
local partners to customize it as per the 
Indian need, which we believe is a 
welcome scenario. The compe��ve 
price of Biogas plant and equipment can 
only be achieved via a healthy and yet 
compe��ve environment. 

While our con�nuous effort to bring 
regular Biogas specific magazine s�ll 
looks for an ac�ve par�cipa�on from 
Government, public-private companies, 
academia, and other stakeholders. I 
hope you find the current issue to be 
useful and informa�ve.

Happy diges�ng!



Self sustainable Gaushalas

t present, India is constantly A trying to figure out the self-
sufficient poultry and the dairy 
farming  industr ies   including 
Gaushalas – from technical, financial 
and social sustainability perspec�ve. 

The Problem 

Although a number of poultry, dairy 
farms and Gaushalas are flourishing 
across the country, their sustainability 
remains an issue to be considered. 
Par�cularly, Gaushalas, which may 
consist of milking and non-milking 
ca�le, require large amounts of ca�le 
feed, meal supplements, some�mes 
an�bio�c drugs and other inputs. The 
Gaushalas  along  with  the  dairy 
farming industry in India have grown 
massively in the last few decades 
crea�ng large livestock popula�on in 
the country. A�er witnessing steady 
s u c c e s s  i n  m i l k  a n d  l i ve sto c k 
produc�on over the years, this 
industry is  now facing several 
challenges.

A chronic shortage of ca�le feed 
coupled with the poor quality of 
fodder  has  become the  major 
constraint. In the current system of 
intensive livestock produc�on, there is 
a high emphasis on concentrate 
feeding, which has increased the cost 
of  milk  produc�on  and  has 
substan�ally decreased the profits for 
owners/farmers. 

The Solu�on 

Sustainable dairy farming in India is a 
new concept that emphasizes the 
proper and efficient usage of the 
resources, without being exploita�ve. 
While this modern dairy farming 
method may look sophis�cated in its 
approach, most of its key elements are 
derived from tradi�onal farming 
m e t h o d s .  T h e  ke y  a s p e c t s  o f 
sustainable dairy farming revolve 
around three main elements:

Livestock a�en�on
Choosing the right breed of animal is 

the first aspect to be addressed in dairy 
farming and Gaushalas. Most farmers 
choose animal breeds purely on milk 
yield  without  considering  their 
suitability to the local climate, soil, feed 
availability, resistance to diseases & 
pests and environmental condi�ons. 
Indigenous breeds such as Murrah 
Buffalo or Sindhi or Desi cows would be 
more appropriate for the sub-tropical 
climate like India.

Ecosystem a�en�on
The present day high yielding ca�le 
types need a stable supply of quality 
fodder. While most ca�le feeds for 
conven�onal dairy farming are bought 
from the market, sustainable dairy feed 
needs to be grown by Gaushala itself or 
bought locally in the village. For 
example, dry fodder can be bought 
locally, green fodder needs to be grown 
inside the farm. High yielding Bajra 
Napier hybrids can be grown in fer�le 
and well irrigated land, while Guinea 
grass can be grown in barren rain-fed 
land.

IBA News
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Apart from growing organic 
fodder, it is important to 
ensure the manure, urine 
and other waste are disposed 
in a compost pit. Untreated 
sewage sludge should not be 
appl ied crop land,  only 
composted organic ma�er 
must be used for fer�liza�on. 
Having a biogas unit will not 
only solve the problem of 
waste disposal, but also 
provide ready manure for 
fer�lizing crops.

Energy a�en�on
Although dairy farming is not 
an energy-intensive ac�vity 
(not considering the milk 
processing part), there is a 
need for electric power and 
hea�ng. Instead of relying on 
the highly unreliable grid power from 
the electricity boards, farmers u�lize 
diesel generators, which are costly to 
run. It would be sensible to u�lize 
biogas since the fuel input is readily 
available. Infact, the biogas produced 
from one cow can fuel the cooking 
need of one person. Furthermore, 
biogas can be used for milk hea�ng 
and chilling purposes as well. 

This way, sustainable dairy farming 
can not only be viable to small 
farmers, but also be eco-friendly by 
reducing carbon emissions and 
increasing organic fer�lity. 

As per es�mate of The Animal Welfare 
Board of India, there are more than 
4000 Gaushalas, with around 1000 
Gaushalas having more than 200 ca�le 
heads. In recent �mes, government is 
promo�ng  biogas  genera�on 
programs in Gaushalas and looking 
forward to providing all the needful 
support to developers of biogas 
projects in Gaushalas. The Na�onal 
Biogas and Manure Management 
Program (NBMMP) and the Biogas 
Power (off-grid) Program (BPP) are the 
exis�ng flagship programs of MNRE in 
this regard, which con�nue to evolve 
a c c o rd i n g   t o   c o n t e m p o ra r y 
requirements. As a ma�er of fact, 
despite such programs being in place 

for several years, biogas projects in 
Gaushalas are definitely lagging behind 
their true poten�al. Apart from 
government policies there is need for a 
repertoire of success stories, which 
would create the needful impetus for 
project developers to take up more 
such projects. 

One Gaushala based biogas plant has 
recently been installed at Shree Lalji 
Maharaj Gaushala in Gujarat. The 
installa�on generates biogas from 
ca�le dung and converts it into bio-CNG 
plant with indigenous technology.

The Gaushala has around 250 livestock. 
Another Gaushala with a similar 

number of livestock in the vicinity 
also provides feedstock supply. 
Around 200-250 m³ of biogas is 
being produced, which generates 
around 100 kg Bio-CNG, also 
known as CBG (Compressed 
Biogas). CBG is a price-compe��ve 
renewable energy, in the case 
men�oned above it is presently 
used for cooking in the nearby 
Shree Lalji Maharaj templefor 
about 1000 devotee per day on 
average. The compression facility 
for filling the gas into the cascades 
was designed including the 
possibility for using the CBG as 
vehicu lar  fue l  as  wel l .  The 
produced bio-fer�lizer goes back 
to nearby farm fields in tankers, 



where co�on, wheat, rice, oilseeds, 
and vegetables are cul�vated. 

Salient features of the plant:
•  Single Con�nuously S�rred Tank 
    Reactor (CSTR) based modular 
    digester with Fibre Reinforced 
    Plas�cs(FRP) walls
•  Opera�on at mesophilic  
    temperatures with hea�ng 
    arrangement
•   A proper proprietary mixing  
     mechanism 
•   Digester is equipped with gas 
     capturing system which is double 
     membrane type
•  Health, Safety and Environment 
   (HSE) issues are handle, e.g. 
   digesters fi�ed with a safety valve, 

   flare unit for gas burning during 
   breakdown, and  so on 
•  Gas Cleaning system for H�S, 
    moisture and CO₂ removal
•  Minimum manual interven�on is 
    needed as the plant is automated 
•  Online analysers are provided to 
    measure the biogas composi�on

Cost Economics

The economics of installing such plants 
depend very much on the local 
requirements. According to Atmos 
Power Pvt. Ltd., the specific capital cost 
for the men�oned plant involved was 
approx. 14,000 (INR/m³) without the 
gas-upgrada�on system and 25,000 
(INR/m³) with the gas-upgrada�on 

system. Usually, the specific costs 
would further reduce with economy of 
scale and vice-versa. 

Conclusion

This biogas plant serves as an example, 
where waste from the livestock sector 
become a resource for mee�ng cooking 
needs. There also lies a possibility to 
use the produced CBG for vehicle 
transporta�on. Such biogas plants may 
prove to be the key to u�lize the 
immense  poten�al  trapped  in 
abundant quan��es of waste feedstock 
(primarily in form of animal manure) in 
the rural parts of India!
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A workshop on Bio-waste to Biogas at IFAT 2017

 workshop on Biowaste to Biogas A at IFAT 2017, India's leading 
trade fair for water, sewage, refuse, 
and recycling. IFAT, shall get underway 
from 26�� to 28�� September 2017 at 
the Bombay Exhibi�on centre, 
Mumbai. Last year's version of the 
event in 2016 featured around 150 
exhibitors displaying their latest 
product, technology and solu�ons. 
Along with indigenous companies, the 
event   saw   par�cipa�on   of 
interna�onal companies from Austria, 
China, Denmark, France, Germany, 
Italy, Malaysia, Netherlands, Norway, 
Poland, Russia, Switzerland, Thailand, 
UAE, UK, and US.  Special focus of the 
event was on Waste to Energy 
segment, entailing topic on biogas, 
showcasing innova�on and challenges 
in Indian market.

In this trade fair, apart from the 
exhibi�on, a conference as well as 
workshops are currently being 
organized. High-ranking speakers 
from India and abroad — from poli�cs, 

business, science, and research will 
again be the backbone for IFAT India's 
high-class conference program. Within 
the scope of the workshops, lectures, 
and panel discussions, Indian and 
interna�onal experts will be discussing 
and presen�ng poten�al solu�ons to 
Indian chal lenges.  The primary 
objec�ve is to bring together and 
inspire   solu�on   providers, 
prac��oners and decision-makers, and 
to share knowledge and experience 
that pertains to proven and innova�ve 
environmental technologies.

This year, on Tuesday, 26th September 
2017, Indian Biogas Associa�on and 
German Biogas Associa�on are 
organizing a workshop on “Biowaste to 
Biogas”, where experts from India and 
Germany will be giving first-hand 
informa�on from two different 
perspec�ves and discussing these with 
the par�cipants. The discussion shall 
feature waste management cycle, i.e. 
collec�on, prepara�on, treatment, 
and end usage of waste. Other topics 

shall include importance of safety in 
biogas plants, nutrient, and carbon 
management through bio-slurry, and 
so on. 

A�er the workshop, IBA will  be 
conduc�ng its very first General 
Assembly only accessible to its 
members. This Annual Assembly 
Mee�ng of the associa�on shall feature 
par�cipa�on of all IBA's diverse 
member base, spanning from all across 
t h e  c o u n t r y  f r o m .  A  d e t a i l e d 
descrip�on of achievements of the 
associa�on and its strategic roadmap 
for way forward will be addressed by 
IBA. In the subsequent versions of the 
general Assembly, it shall include 
recognizing and rewarding excep�onal 
trend se�ers in the biogas industry. 

I FAT  h a s  b e e n  i n st r u m e nta l  i n 
organizing environmental-technology 
events and is demonstrated not only in 
the world´s leading trade fair for the 
sector, but also in a range of other 
interna�onal trade exhibi�ons around 
the world. 

IBA News
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Slash of GST rates brings sigh of relief to the Biogas sector

oods and Service Tax (GST) is G considered to be India's biggest 
tax reform and is  expected to 
streamline the supply chain of all 
economic ac�vi�es. It will replace all 
indirect taxes levied on goods and 
services by the central government 
a n d  s t a t e  g o v e r n m e n t .  T h e 
implementa�on of GST will have a far-
reaching impact on almost all the 
aspects of the business opera�ons in 
India.

GST is a value-added tax levied at all 
points in the supply chain, with credit 
allowed for any tax paid on input 
acquired for use in making the supply. 
It would apply to both goods and 
services in a comprehensive manner, 
with exemp�ons restricted to a 
minimum.

On May 20, 2017, GST council came up 
with tenta�ve rates for iden�fied 
basket of goods and services. The 
main disbelief for the biogas sector 
was the announcement of 12% tax 

rate for biogas. In the exis�ng tax 
regime, incen�ves, and support 
measures are available to promote the 
s e c to r  i n  fo r m  o f  E xc i s e  D u t y 
exemp�on for biogas produc�on, and 
its usage through upgrada�on to bio-
methane, piped gas, compressed 
biogas, electricity and heat genera�on, 
and so on. The states also provide 
complete exemp�on or concessional 
VAT rates to the maximum tune of 5% 
for biogas. 

The table on next page makes a 
compara�ve analysis between the 
exis�ng tax regime and the one 
recommended in the published GST 
rate schedule on May 20, pertaining to 
biogas.

Unequivocally,  all  current  tax 
exemp�ons provided to the biogas 
sector should be subsumed under the 
GST  regime.  Addi�onally,  as 
men�oned above, despite the VAT rate 
varying from concession to compete 
exemp�on from state to state, a 

ra�onal approach should be adopted to 
consider complete exemp�on of this 
component upon subsuming into GST. 
This would ensure that the sector, 
which is presently lagging way too 
behind is provided the much needed 
impetus, to unlock its true poten�al. 

In view of the above, request le�ers 
were sent to several departments of 
Ministry of Finance   (Centre, State and 
Union Territories), Ministry of New and 
Renewable Energy (MNRE), NITI Aayog, 
PMO along with mee�ng held with few, 
clearly highligh�ng the changes sought 
which could be instrumental  in 
providing the necessary push for the 
industry. Following is the gist of sought 
changes:
• The  applicable  GST  rate  for 
genera�on of biogas along with any of 
its upgraded forms essen�ally 'Piped 
Biogas', 'Compressed Biogas', and 
'Clean Biogas (Biomethane)' should be 
NIL as opposed to the proposed 12 % in 
chapter 27 of GST schedule rate list.

IBA News
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• GST rate for the by-products 
generated in biogas plant; bio-slurry 
used as organic fer�lizer, bio-CO₂ 
generated upon purifica�on of raw 
biogas should be NIL. In the present 

regime, these by-products from biogas 
p l a n t  d o n ' t  h a v e  a ny  s p e c i fi c 
recogni�on.
• Considering that electricity has been 
kept outside GST, the developer/ 

operator should be eligible to get tax 
refunds, if any paid-on goods and 
services used for se�ng up the 
electricity genera�ng biogas project.
• Over and above the exemp�ons; 

currently, provided to equipment and 
machinery used in biogas plants, the 
GST rate should be NIL as opposed to 5 
% men�oned in Chapter 84 and 85 of 
the GST schedule rate list. Such 
equipment must also qualify for zero 
rated  category,  so  that  its 
manufacturers / dealers are eligible to 
avail credit of GST on their inputs raw 
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S. No Descrip�on

Item

Chapter No.

Defined in GS 

Rate Schedule 

for Goods

Rates as

Men�oned 

GST Schedule

for Goods

Applicable Tax Rate as

Per Present Regime

1

2

Biogas

Bio-gas Plant

Devices & Spare

Parts for its

Manufacture

27

84 and 85

12% 

5% 

• Excise Duty -

   Exempted (NIL)

• VAT-Waived in Most

   States and Up to 5% in

   Only few States

• Excise Duty -

   Exempted (NIL)

• VAT-Waived in Most

   States

material and services.

IBA also started a pe��on campaign, 
“GoI — No Tax on Biogas: A campaign 
to remove the proposed high GST rate 
on Biogas and its products”. Since its 
launch on May 22, �ll date the 
campaign has been concurred upon by 
more than 11,000 supporters, and the 
number keeps ballooning every day. 

The persistent efforts in the ma�er paid 
dividends when revised GST rates upon 
several rounds of mee�ng of the GST 
council released on June 10, 2017 saw 
tax slab for biogas dropping to 5 % from 
earlier proposed 12 %, much to the 
rel ief  of  the biogas sector.  IBA 
expressed its deepest gra�tude to all its 
members for their precious inputs and 
diligent support all throughout the 
process.

Note: As per GST rates published on May 20, 2017





Unlocking the potential of Poultry Manure

he poultry industry is one of the T largest and fastest-growing agro-
based industries in the world. At the 
same �me, the growth brings along a 
number of environmental problems. 
One of the major environmental 
problems is the accumula�on of large 
amounts of wastes, e.g. manure. In 
order to mi�gate these problems new 
economical ly       sustainable 
technologies are needed.

Manure has o�en been referred to as 
a waste or an undesirable by-product 
of poultry and livestock produc�on. In 
reality, manure is a valuable source of 
nutrients, soil amendment, and can be 
a desirable renewable energy source. 
D u e  to  a n  i n c re a s i n g  p o u l t r y 
produc�on, the industry generates 
approximately 2.1 billion tonnes of 
manure annually worldwide (based 
FAO sta�c�cs). This amount of manure 
creates a huge and almost untapped 
feedstock source for biogas. 

Poultry manure has a very high biogas 
poten�al, which nearly equals to the 
biogas yield of energy crops (example 
corn silage). However, currently biogas 
is only produced in limited quan��es 
from poultry manure. This is mainly 
caused by a high concentra�on of 
nitrogen in the substrate. Nitrogen in 
the manure is converted into ammonia 
which inhibits the forma�on of biogas 
already in low concentra�ons. An 
effec�ve biogas produc�on from 
p o u l t r y   m a n u re   re q u i re s   a 
fermenta�on technology that can use 
high por�ons, up to 100%, of poultry 
manure.

Ductor® fermenta�on technology

Ductor Corpora�on in Finland has 
been inves�ga�ng the ammonifica�on 
of high nitrogen substrates since 2009. 
First, the aim was to efficiently recycle 
nitrogen, but it soon became clear that 
the process would benefit biogas 
fermenta�on. The core technology for 

the ammonifica�on of nitrogen was 
developed and proved in laboratory in 
2011. The pilot plant was built in 2014, 
and now the company is selling its 
patented biological nitrogen removal 
process (NRP) worldwide. 

While inves�ga�ng different op�ons 
for  the  ammonifica�on  of  organic 
n i t r o g e n ,  a  n a t u r a l  m i c r o b i a l 
popula�on was detected. The powerful 
microbial popula�on, which develops 
under selec�on pressure, has been 
patented. This natural, not gene�cally 
modified popula�on has been tested 
with a variety of substrates. Even 
feathers can be ammonified and 
liquefied in 14 days. More easily 
conver�ble materials require less �me, 
for example poultry manure needs five 
days. The fermenta�on step where 
organic nitrogen is transformed from 
solid phase into liquid phase ammonia 
is followed by a stripping step where 
t h e  a m m o n i a  i s  r e c o v e r e d  a s 
ammonium  salt,  e.g.,  ammonium 

Interna�onal Corner

Authors
Minna Leppikorpi and 
Dr. Sci. Ilkka Virkajärvi

Ductor AG
Reprin�ng Courtesy: German Biogas Associa�on 
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sulfate.

The NRP process is  capable of 
removing over 60% of the nitrogen 
from organic waste materials. Because 
the NRP takes place before biogas 
produc�on. It enables the u�lisa�on 
of high-nitrogen containing organic 
wastes as feedstock. The NRP is good 
news to the biogas industry that has 
long suffered from remarkable 
opera�onal costs. Advantages for 
exis�ng and new biogas producers 
i n c l u d e  i m p ro v e m e n t s  i n  t h e 
economic efficiency, opera�onal 
stabi l i ty  as  wel l  as  socia l  and 
environmental benefits. 

If biogas producers in the EU would 
replace expensive maize silage with 
inexpensive poultry manure the 
producers could achieve a 1 billion 
euros  improvement  in  their 
profitability and simultaneously cut 
CO₂ emissions by 1.5 million tonnes 
(own calcula�on with data from JRC 
Report EUR 26696, 2014) while 
releasing more than 811,000 hectares 
(source: EC IP 10/27 August 2004) of 
cul�vated land for a socially and 
environmentally sustainable use, such 

as food produc�on. 

Nutrient recycling poten�al

The ammonium sulfate from the NRP is 
N-fer�lizer as such. For every ton of 
poultry manure about 80 kg of 
ammonium sulfate can be produced. 
T h i s  c o r r e s p o n d s  t o  2 0  k g  o f 
ammonium-nitrogen. If the 2.1 billion 
tonnes of poultry manure were treated 
by NRP, over 30 million barrels of oil 
could be saved annually as the Haber-
Bosch process uses 3,600 kJ for every 
kg of ammonia produced. In fact, 
Haber-Bosch is responsible for about 
2% of world's energy consump�on.

Addi�onally, as the digestate from 
biogas produc�on from poultry 
manure has a reduced nitrogen 
phosphorus ra�o, its use as fer�liser 
will become easier as now nitrogen 
and phosphorus can be applied 
separately according to the need of the 
crop. This way, NRP closes the nutrient 
cycle: nitrogen and phosphorus from 
field to field. Another advantage of the 
biogas process is the hygienisa�on of 
manure, and the preven�on of 
nutrient leakage into ground or 

flowing waters.

The role of biogas in a ba�le against 
climate change

On 12 December 2015, a climate 
change agreement was approved in 
Paris. The interna�onal community 
finally succeeded to agree on binding 
targets to limit global warming to 2�C 
(ideally even 1.5�C) by the end of the 
century.  Greenhouse gas (GHG) 
emissions are one reason for the 
increase  in  the  atmospheric 
temperature. Agriculture and livestock 
are significant sources of greenhouse 
gas emissions. Biogas produc�on can 
use agricultural side steams and wastes 
for the produc�on of renewable, 
sustainable energy and subs�tute fossil 
fuels. By capturing the methane from 
manure storage, biogas produc�on can 
p r o t e c t  t h e  a t m o s p h e r e  f r o m 
substan�al emissions of a gas strongly 
associated with climate change (the 
GHG effect of methane is about 25 
�mes higher than that of carbon 
dioxide). The use of biogas will also 
decrease the use of fossil fuels in an 
environmentally benign way. 
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Asia's biggest milk processor goes green: 
Banas Dairy starts using Bio-CNG

n the 15�� of August 2016, Banas O dairy took a huge step towards a 
greener future. By following Amul 
Dairy's footsteps, Banas dairy moved 
ahead with the decision of installing 
its very own Biogas to Bio-CNG plant. 
The decision was made a�er the 
recent success of similar plants 
installed at Sabar Dairy and Amul 
Dairy. 

Banas dairy is known to be Asia's 
largest dairy co-opera�ve and one of 
the largest milk processors as well. The 
dairy is known for producing cheese, 
yogurt, and other milk-based products 
under the Amul brand. The high 
produc�on volumes of the dairy 
allows it to meet the ever increasing 
demand of milk products in the Indian 
market and abroad. 

While serving this ever increasing 
demand for milk products, Banas 
Dairy ends up with a fair amount of 
waste water as a by-product of milk 
processing. Considering the huge size 

of the dairy, the wastewater hovers 
around 30,00,000 liters a day. While 
trea�ng this wastewater Banas Dairy's 
ETP plant generates a significant 
amount of Biogas, which was earlier 
being flared into the Atmosphere.

The decision to install a biogas to Bio-
CNG conversion plant was made based 
on the huge poten�al of the dairy in 
genera�ng its very own Bio-CNG using 
the same gas that was being flared 
earlier. Currently, the dairy generates 
about 6000m³ of biogas per day. 
However, the biogas is filled with 
impuri�es such as Hydrogen Sulfide 
and moisture, which are extremely 
corrosive, and thus undesirable. In 
order to use the biogas in its boilers, 
Banas Dairy appointed Atmos Power as 
its technology partner for the project. 

Atmos Power was selected based on its 
track record of successfully supplying 
more than 35 purifica�on plants 
throughout India. In addi�on, Atmos 
Power's recent success at Amul Dairy 

and Sabar Dairy proved that this 
technology could work for any other 
large dairy.

The systems offered by Atmos Power 
will help clean Banas Dairy's biogas of 
all its impuri�es and increase the gas's 
hea�ng value by separa�ng the carbon 
dioxide from the methane. The product 
gas will be methane-rich with a hea�ng 
value at par with Natural gas. 

Earlier Banas dairy had to purchase 
natural gas in order to power its boilers. 
However, a�er installing its biogas 
purifica�on plant, it uses the purified 
biogas (Bio-CNG) in place of the 
commercially bought Natural gas. In 
addi�on to the huge cost savings, the 
environment will be spared for the 
be�er as the methane gets captured. 
Unlike Amul dairy, which bo�les some 
of its purified gas for consump�on at its 
other sites, Banas Dairy will use all its 
gas for cap�ve consump�on. 

A�er purifying the 6000 m³ of raw 

Mr. B. R. Singh
Atmos Power Pvt. Ltd.

Na�onal Corner
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biogas per day, Banas dairy would end 
up with about 3300 m³ of Bio-CNG per 
day, which has a market value of INR 
1,15,500. Considering that the Bio-
CNG p lant  wi l l  be  opera�onal 

Project Site

Project Details

Commissioning Date

Solu�on Provider

Feed Stock

Daily Feed stock

Daily Biogas Genera�on

Daily Bio-CNG Genera�on

Purifica�on Technology

End use of Bio-CNG

Banas Dairy, Palanpur, Gujarat

Biogas purifica�on/upgrada�on

May, 2017

Atmos Power Pvt Ltd.

Dairy ETP 

30,00,000 litres per day

6000 m³

3300 m³

Medium Pressure Swing Adsorp�on (MPSA)

Dairy Boilers
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throughout the year, the payback 
period for the en�re system will be less 
than 12 months.  

The plant was commissioned in May 

2017 and gas produc�on started very 
soon therea�er. Atmos Power is in talks 
with other dairies for installing similar 
systems so that the true poten�al of 
Indian dairies can be righ�ully tapped. 





Biogas and Bio-slurry business opportunities and obstacles

naerobic diges�on of ca�le A dung, agro waste, food waste 
and other organic industry wastes is 
the most green method of producing 
renewable energy, cleaning the 
organic waste of pathogens, and 
producing very high quality manure.

Huge  agriculture  and  animal 
husbandr y  based  rura l  Ind ian 
economy is the largest producer of 
a g r o  w a s t e  a n d  c a � l e  d u n g . 
Unfortunately, there live large part of 
country’s semiskilled and unskilled 
labour force subsis�ng on low income 
levels. In case of rural agro based 
organic waste, anaerobic diges�on 
system can transform this organic 
waste into two safe and useful by-
products:
1.  Biogas consis�ng of 55-65% 
methane, the fuel, and balance CO₂, 
H�S and moisture,
2.  Bio-Slurry, the organic carbon and 
micro nutrient rich manure for plants 
and soil health. Presently, Indian soil 
without right amount of OC and micro 
nutrients is rapidly deteriora�ng as a 

result of reckless applica�on of 
chemical fer�lizers and pes�cides.

Anaerobic diges�on being a biological 
process requires right condi�ons, like 
stable temperature (best either 
approx. 38�C in mesophilic, or approx. 
55�C in thermophilic range), constant 
feedstock mix, quality, and quan�ty, 
pH-level near neutral, and proper C & 
N ra�o. That is why in the absence of 
highly trained manpower, appropriate 
test kits, perfect air �ght digester, 
produc�on of biogas and slurry may 
not be op�mal. As a result, about 90% 
of the exis�ng biogas plants today are 
nonfunc�onal. The func�onal ones are 
mostly loss making or cap�ve use 
domes�c/community plants, where 
profit loss is not very important, and 
raw materials and labour components 
are free.

Pros and Cons of biogas
Pros:
1. It is renewable and ecologically the 
cleanest fuel. Even solar does not 
come near it. Making solar panels and 

dismantling them are highly pollu�ng. 
Biogas energy making is absolutely 
clean offering local energy solu�on 
from local  feedstock and clean 
biological processes.
2. Decentralized produc�on in small 
and large quan��es is not so difficult.
3. Organic waste and agro waste, the 
raw material is abundantly available 
throughout the country.
4. Cost of produc�on is low and can be 
produced without consump�on of 
energy i.e. electricity or diesel/petrol in 
case of small size digesters of less than 
200 cubic meter in places where round 
the year temperature range is 35-45 
degree cen�grade.
5.  Can replace ca�le dung / wood / 
kerosene as a clean fuel in villages, 
where availability of fossil fuel and 
electricity is difficult.
6. It burns completely, so no blackening 
of utensils. 
7. No outgo of foreign exchange. It is 
produced from local resources & can 
create huge number of semi-skilled 
jobs. 

Na�onal Corner

Mr. Dalel Singh
ACB India Limited
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Cons:
1. Calorific value of the raw biogas is 
low because of presence of CO₂, H₂S 
and moisture.
2. Cleaning the gas, specially removal 
of the corrosive H�S is expensive as
per exis�ng technologies and makes 
the clean gas costly.
3. Carrying raw gas except through 
pipeline is difficult and not cost 
effec�ve
4. Bo�ling of the gas for carrying it 
over a distance is expensive.
5. A 80 kg cylinder can carry only 
about 12 kg of gas at 250 bar. Hence 
the  gas  can’t  compete  with 
LPG/CNG/PNG unless government 
support is provided in form of viability 
gap funding.

Bio-Slurry
Pros
1. While  there  are  a�rac�ve 
subs�tutes like LPG for bio gas there is 
no subs�tute for bio-slurry.
2.  It is the best pathogen free 
balanced nutrient and organic carbon 
loaded manure for the soil and plant 
health. FAO, an UN organiza�on, has
termed it as Brown Gold.
3. It provides local close loop nutrient 
recycle mechanism for the soil
4. It is produced by using organic 
waste, which if allowed to rot creates 
dirt, disease, soil, air, and water 
pollu�on. So anaerobic diges�on 
turns dirt into bio-slurry, the brown 
gold.
5. It uses the local resource as raw 
material, and hence can create local 
jobs for villagers, which can reduce 
the rate of migra�on from villages to
ci�es.
6. Immense possibili�es of R & D and  
va lue  chain  crea�on for  rura l 
economy as slurry based organic 
compost, growth promoter tonic, 
organic pes�cides, and insec�cides 
can been created.

Cons:
1.  Bio-slurry is a low value liquid, large 
quan�ty of which needs to be applied 
in fields.
2. It loses its nitrogen content over 
period of �me.
3. Storing bio-slurry takes lot of space. 
It is produced daily, but used during 

cropping seasons only.
4.  S tor ing ,  t ransporta�on and 
applica�on are cumbersome and 
expensive compared to chemical 
fer�lisers and pes�cides. 

Economics of Biogas Business

An ideal digester produces, on an 
average basis, just about 24 gms to 48 
gms (depending on the season, 
feedstock, digester technology, use of
addi�ves etc) LPG equivalent biogas, 
which does not make good business 
sense for someone to get engaged in 
this work to eke out their livelihood. 
The return on investment in terms of 
money and labour is not a�rac�ve.

To make the business a�rac�ve the 
whole thought process has to be 
reinvented by focusing on slurry side 
by making value added products. 1 kg 
of ca�le dung or other equivalent 
substrate is mixed with 0.60 to 1 litre of 
water to make feedstock for a bio 
digester. It produces about 40 to 80 
grams of biogas that contains about 24 
to 48 grams of methane and balance 
CO₂, H₂S and moisture. If the methane 
is sold at Rs 30/kg then one gets only Rs 
0.72 to Rs 1.44 per kilogram of raw 
dung. But almost 1900 ml of slurry 
flows out on the ground and gets sun 
dried that can make about 300-350 
grams of organic fer�lizer. Here lies the 
catch, the challenge and opportunity. 
Possibili�es that need to be explored is 
in separa�on of liquid and semisolid 
parts from the slurry or sale of slurry
as such. Both parts of the slurry are 
extremely good organic fer�lizers rich 
in organic carbon, NPK and other plant 
nutrients depending on the nature of 
the feedstock of the digester. They can 
be further enriched with locally 
available natural addi�ves like single 
super phosphate from Rajasthan, fly-
ash from thermal power plants, 
bacterial inocula�on, seaweed extract 
from Indian ocean seaweeds etc. 

Here comes the need for research, 
technology, and knowledge of what is
the kind of soil and what addi�onal 
nutrients are needed for what crops. 
This precise understanding of the 
nutrient base of addi�ves including 

knowledge of bacteria and vermi- 
compos�ng through earthworm can 
add tremendous value to the liquid and 
semisolid parts of slurry to make them 
great organic fer�lizers/pes�cides for 
farmers to grow organic and healthy 
food. Easily an income of about Rs. 2.00 
to Rs.  5.00 (wholesale pr ice at 
produc�on point) can be generated 
from approximately 1800 to 1900 ml of 
slurry coming out of digester per  
kilogram of cow-dung/kitchen waste.

In the present situa�on, however, 1 kg 
of cow dung worth around Rs. 0.50, can 
fetch maximum of Rs. 1.85 worth of gas 
and manure (Average 30 grams of gas, 
at Rs. 30 per kg = Rs. 0.90 and Rs. 0.95 
worth manure, if slurry could be sold at 
Rs 0.50/ltr).

Compressed Bio gas (CBG) Business 
Viability Gap Funding for Large Plants 
of more than 1000 m³

Of all the renewable energy sources 
CBG (compressed biogas) business is 
the best bet to create large number of 
semi-skilled jobs and reducing the 
volume of organic waste through a 
large number of decentralized plants 
built across the country by using 
abundantly available feedstock like 
ca�le dung and agro & food wastes.

Cleaning and compression of the raw 
biogas is only way to make it a good 
subs�tute of fossil fuels used in vehicles 
and LPG. However, the break-even price 
of producing 250 bar compressed 90%+ 
methane content CBG (compressed bio 
gas/Bio-CNG) comes to about Rs 30-
45/kg. To make the business viable and 
ensuring a�rac�ve ROI for investors, 
selling price of Rs 50-55/KG is desired. 
In the current situa�on, with falling LPG 
prices, the compe�ng fuel, it is not 
possible to sell CBG at more than Rs 
30/KG.

In the last budget govt has increased 
the green energy cess on coal to Rs. 200 
per tonne to boost renewable energy 
genera�on. According to es�mates, if 
only one fi�h the road cess amount of 
approximately Rs. 1.25 / litre presently 
levied on petrol could be used to cross- 
subsidise the CBG industry, it should be 
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enough to ensure the viability gap 
funding of Rs. 20 per kg of CBG. It shall 
also facilitate to create a pool of R&D 
projects to develop economical 
indigenous technologies for raw 
biogas cleaning and storage to further 
bring down the costs in the long run.

Now, let’s compare the costs with 
another compe�ng fuel namely Piped 
Natural Gas (PNG).

In Delhi, the breakup of price/per SCM 
of PNG is as following:

Basic cost of gas: Rs. 13.68
Supply & distribu�on cost: Rs. 7.53
Margin: Rs. 2.27
VAT: Rs. 1.17
Total: Rs. 24.65

In terms of the per kilo, the price 
comes to 33.76/Kg. One large CBG 
plant in India is selling the gas at Rs. 
32/kg with an investment of over Rs. 
30 crores. Because of raw material 
availability and escala�on in prices, 
demand, and other problems (like 
lack of market for the gas, equipment 
breakdowns etc.) their average costs 
come to about Rs. 50 per kg.

Rural Scenario

Keeping in view the above stated 
problems of the big size digesters the 
best solu�on for rural India seems to 
be a business model, where many 500 
to 1000 m³ standardized digesters are 
made around a village in which the 
villagers provide their organic waste 
as per requirement of digesters and 
take back 50% of  the manure 
produced from their feedstock. There 
could be government funded gas 
pipeline in the villages, where the H₂S 
clean metered gas is injected from the 
digesters, and sold to villagers at 
around Rs. 10-15 per SCM. Of course, 
there should not be any taxes on the 
manure/gas or any other produce 
made from bio digester by products. 
The excess gas can be fed into a 
cleaning  system  run  by  an 
entrepreneur to make CBG. Systems 
cos�ng around Rs. 14 lakhs have been 
developed where 20 M�/hour gas can 
be cleaned and compressed in further 

cleaned into 92%+ methane by an 
enterprise and sold at Rs. 30-45/kg 
where LPG is generally not available. 
The CBG enterprise can be given 
financial incen�ve of Rs. 10-15/KG by 
the government. This is sustainable 
and doable business model for 
villages.

The Times of India dated January 
21,2015, carried a news piece ci�ng 
that the government has decided to 
provide a financial incen�ve to urban 
waste compos�ng companies to the 
tune of Rs. 1500/ton of compost made, 
and local government to mandatorily 
buy the electricity made from the gas. 
For Biogas mission to succeed the 
government has make similar policies, 
so that the two products made in a 
biogas plant are sold at right prices to 
allow an investor to get net ROI of 18 to 
20%. It may be worth men�oning that 
anaerobically digested ca�le dung 
and agro waste bio slurry based 
manure/compost is far superior to 
urban waste compost, which is 
generally laden with pathogens and 
heavy metals.

The government has already has 
iden�fied and no�fied under FCO four 
kinds of organic manure namely:

1.  Urban compost
2.  Organic manure/compost
3.  Vermi-compost
4.  PROM

For urban compost, government has 
already announced an incen�ve of Rs 
1500/ton. If the same incen�ve is 
no�fied for anaerobically digested 
biogas based manure, which is far 
superior to any other manure noted 
above, the biogas mission shall be a 
success. Remaining three types of 
compost can be made from biogas 
slurry. So, all these items should be 
included in the policy.

There are large numbers of biogas 
plants do�ed round the country, most 
of which are financially sick for reasons 
noted above. If the dry organic manure 
made from this slurry is given incen�ve 
of Rs. 1500/ton as in the case of urban 
compost, then the whole scenario 

shall change.

It may also be men�oned that the 
chemical fer�lizer industry wipes out 
about Rs. 100,000 crore from na�onal 
exchequer in the form of subsidies. 
Fer�lizer companies being cash rich 
companies,  and hence must be 
encouraged to do research on making 
standard organic manures/pes�cides 
from bio slurry and they should buy for 
the sake of the health of the soil, which 
is fast deteriora�ng. Soil health would 
improve, plant health would improve, 
and as a result human and ca�le health 
would improve. Of course, there shall 
be sales cannibaliza�on to hospital, 
chemical fer�lizer and pes�cide 
industries, but na�on would gain much 
more.

Other developing countries like Nepal, 
Bangladesh, Vietnam etc. have done 
be�er work so far as promo�ng bio 
slurry is concerned. In some agriculture 
based economies, they have even 
appointed bio slurry officers to spread 
the use of this brown gold (as per Food 
and Agriculture Organiza�on paper 
dated sept 2013).

The above ini�a�ves if  adopted 
judiciously can create a situa�on where 
we would be able to ensure clean 
energy to all. A Swachh Bharath, 
healthy soil, healthy na�on and rural 
jobs to crores of unskilled and semi-
skilled people in villages can be 
ascertained. It’s �me for us to march 
ahead and embrace the unsung and 
hidden champion named biogas.
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Policy Initiatives
by Maharashtra Energy Development Agency 

a h a r a s h t r a      E n e r g y M Development Agency (MEDA) 
is a Government of Maharashtra 
Ins�tu�on. MEDA is working as a State 
Nodal Agency (SNA) under the aegis of 
Energy Department, Government of 
Maharashtra and the Ministry of New 
and Renewable Energy, Government 
of India. The objec�ve of MEDA is to 
promote renewable energy sources 
and to facilitate energy conserva�on 
ac�vi�es in the State of Maharashtra. 

Considering the unique importance of 
genera�on of electricity from new and 
renewable   energy   sources, 
Maharashtra  Government  has 
declared RE policies for promo�on of 
grid connected & off-grid renewable 
energy projects in the State (Both the 
pol ic ies    are  avai lable   on 
www.mahaurja.com). A total target of 
14,400 MW for grid connected 
projects on various renewable energy 
sources are targeted in this policy. 
Along with this, various targets are set 
in the policy for installa�on of off-grid 

renewable energy projects in the State 
for next five years. 

Under this policy, 4000 kW capacity 
decentralized biogas power projects 
are proposed to be installed in next 5 
years on available organic bio-
degradable wastes based on bio-
methana�on technology in urban / 
rural areas. Considering increasing 
problem of MSW in the state, more 
emphasis is given on segregated MSW 
to energy genera�on projects. This is 
the first of its kind policy across the 
na�on which is suppor�ng segregated 
MSW based bio-methana�on power 
projects.

Workshop on Waste to Energy: -
Background

In light of the recent policy ini�a�ves 
taken by the Govt. of Maharashtra for 
promo�on of grid connected & off-grid 
renewable energy projects in the 
State, a one day workshop on "Waste 
to Energy" was organized jointly by 

Ministry of New & Renewable Energy, 
Government of India & Maharashtra 
Energy Development Agency to 
provide informa�on on scien�fic 
methods/technologies available for 
managing different types of wastes and 
to g ive greater  impetus for  i ts 
promo�on at various levels. The 
workshop was intended for the 
Municipal Commissioners & Chief 
Officer of Councils (A & B class) across 
the State.

Introduc�on
 
• Due to rapid growth in urbaniza�on 
and industrializa�on the collec�on, 
treatment and safe disposal of wastes 
has become a ma�er of concern.
 
• There are 26 Municipal Corpora�ons, 
226 Municipal Councils & 13 Nagar 
Panchayats (City Councils) across 
Maharashtra genera�ng approximately 
25 thousand tons of waste per day. 
Scien�fic disposal of this huge quan�ty 
of waste is a major problem.

MEDA
Maharashtra Energy
Development Agency 
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• There are technologies available that 
could take care of different wastes. 
Conversion of this waste into useful 
fuel or power will help to solve the 
problem of disposal of waste in 
environment friendly manner. But, 
proper dissemina�on of informa�on 
and orienta�on in that regard at 
appropriate level is found essen�al. 

• In light of the recent policy ini�a�ves 
taken by the Govt. of Maharashtra for 
p ro m o � o n  o f  g r i d  c o n n e c t e d 
( i n d u s t r i a l  w a s t e )  &  o ff - g r i d 
renewable energy (biogas power) 
projects in the State, a one day 
workshop on "Waste to Energy" was 
organized to provide informa�on on 
scien�fic methods/technologies 
available for managing different types 
of wastes and to give greater impetus 
for its promo�on at various levels.

•  I n  P u n e  c i t y,  m o re  t h a n  2 2 
segregated municipal waste based 
biogas to power projects (5 ton each) 
are developed under decentralized 
modes. 

• Techno-economic viability and 
a�rac�ve Government policies have 
created interest in private investors to 
take up such energy recovery projects.

Workshop Proceedings

The program was inaugurated by the 
Hon'b le  Shr i .  Chandrashekhar 
Bawankule, Minister (Energy and New 
& Renewable Energy) - Government of 
Maharashtra. The program started by 
tradi�onal way of ligh�ng the lamp by 
d i g n i t a r i e s  fo l l o w e d  b y  t h e i r 
felicita�on. 

Hon'ble Shri. Ni�n Gadre (IAS), 
Director General, MEDA, welcomed all 
the guests & par�cipants. Further, he 
gave brief informa�on about the 

program & enlighten on GoM policies 
in the field of waste management & 
assured to assist ULBs to set up such 
projects across the State. 

On this occasion, the keynote address 
was delivered by Smt. Varsha Joshi 
(IAS), Joint Secretary, MNRE-GoI. She 
appreciated the efforts taken by MEDA 
for coming up with integrated RE policy 
which supports segregated MSW 
projects.  She appealed to all the 
par�cipants to take advantage of this 
policy & further MRNE policies 
available for this sector. 

Hon'ble  Shri.  Chandrashekhar 
Bawankule, Minister (Energy & New & 
R e n e w a b l e   E n e r g y ) ,   G o M 
congratulated MEDA for organizing 
such important & useful workshop & 
further, he praised MEDA about their 
ini�a�ves in the field of renewable 
energy & energy efficiency.  He 
elucidated the problem of increasing 
waste genera�on & its management. 
He admires the work done by Pune 
Municipal Corpora�on in the field of 
energy genera�on from waste. He 
appealed to all ULBs to come with the 
waste to energy projects & assured 
about MEDA' assistance in this regard. 
He announced to give award to the 
best Municipal Corpora�on or Council 
for their ini�a�ves in this field. 

Various  technical  sessions  of 
dis�nguishing speakers were arranged 
during the workshop. Following topics 
were  covered in  the  technica l 
presenta�ons;

• Policy Support for  Grid-connected & 
   Off-grid Waste to Energy Projects by 
   Government of Maharashtra 
• MSW to Bio-CNG and Industrial 
   Waste to Bio-CNG project 
• Case Study of Segregated MSW to 
   Power Projects 

• Pre-fabricated Segregated MSW to 
   Power Technology 
•Regulatory Framework & Key       
   Challenges for MSW to Energy
   Project
•Bio-methana�on of Industrial, MSW 
& Liquid Waste
• MSW to RDF projects

At the end of the technical session, 
visits were arranged to Segregated 
MSW to Power project set up by PMC at 
Alandi Road-Phule Nagar, Pune & 
Segregated MSW to Bio-CNG plant set 
up by M/s Noble Exchange Pvt.Ltd., at 
Village Ambi, Tal. Maval, Dist. Pune to 
understand the technical know-how & 
to see the live demonstra�on of these 
projects to the par�cipants.

Feedback

We had received an overwhelming 
response for this event from the 
par�cipants from which we can 
conclude that the objec�ve behind 
organizing the said workshop is 
achieved. Further, the par�cipants 
were sa�sfied & expressed that the 
workshop was very interac�ve & 
useful.

Till the date, Kolhapur (5 TPD X 2), 
Thane (5 TPD X 6) & Kalyan-Dombiwali 
(10 TPD X 6) Municipal Corpora�ons 
have ini�ated procedure for se�ng up 
decentralized biogas genera�on 
projects  based  on  segregated 
municipal solid waste totalling capacity 
of 600 kW. Also, 6 projects totalling 
capacity of 252 kW based on ca�le 
dung are expected to be commissioned 
in the State.
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ustainability  of  Anaerobic S D i g e s � o n  B i o ga s  h a s  va s t 
poten�al as a sustainable renewable 
energy source & this technology is the 
most mature & successful technology 
in terms of years of use. Biogas 
technology provides not only energy 
but also value-added fer�lizer along 
with other benefits l ike be�er 
sanita�on, cleaner environment, and 
be�er quality of life.  Feedstocks 
having organic content can be 
poten�ally converted into biogas 
through the bio-methana�on process. 
Biogas consists mainly of methane 
along with carbon-dioxide and 
hydrogen-sulphide gas. This biogas 
can be used for power genera�on as 
well as for thermal applica�on with 
organic manure as by product which is 
rich in Nitrogen content. 

Microbiology
Ca�le dung, poultry dropping, kitchen 
waste, and such other fermentable 
organic materials when confined in a 
place, typically called digesters and 

kept out of contact with oxygen 
(anaerobic condi�ons),  creates 
conducive environment for microbial 
growth. Microbes are microscopic 
living creatures which cannot be seen 
through naked eyes. They can be 
classified into helpful microbes and 
harmful microbes. Compost making, 
and biogas and vinegar producing 
microbes are example of helpful ones. 
Microbes causing cholera, typhoid, 
diphtheria etc., are examples of 
harmful ones.

Steps involved in anaerobic diges�on 
of organic waste

• 1�� Phase (Hydrolysis) - hydrolysis of 
   complex organic materials, i.e. 
   carbohydrates, fats, proteins, 
   nitrogen compounds, etc. into 
   soluble organic compounds, i.e. 
   sugars, fa�y acids, amino acids etc.
• 2ⁿ� Phase (Acidogenesis and 
   Acetogenesis) - soluble organic 
   compounds are reduced to simpler 

   compounds, i.e. large chain organic 
   acids (propionic acid, butyric acid, 
    acetone, etc.) followed by further 
    degrada�on to ace�c acid, alcohol, 
    and hydrogen.
•  3�� Phase (Methanogenesis) - 
    Organic acids, mainly ace�c acid and 
    certain other oxidised compounds 
    are converted to methane and 
    carbon dioxide by methanogenic 
    bacteria. 

For the dairy business, the beneficiary 
has procured more than 240 holstein 
friesian cows which are kept in well 
maintained ca�le shed. These ca�le are 
genera�ng dung more than 4.5 
tons/day. Hence, to u�lize the available 
dung in more effec�ve manner and to 
get addi�onal benefits from it, the 
beneficiary  had  ini�ated  the 
construc�on of biogas plant in FY 2010-
11 a�er ge�ng approval from MEDA/ 
MNRE and completed the project at 
Village Jambhali, Tal. Shirol, Dist. 
Kolhapur. Before se�ng up of this 
biogas to power genera�on project, the 

Biogas (off-grid) power project in rural Maharashtra

Success Story

MEDA
Maharashtra Energy
Development Agency 

www.biogas-india.com Biogas Magazine I June 2017 I  24



produced dung was used mainly for 
vermi-compos�ng & some�mes, it 
was sold as raw manure. A�er 
commissioning of the biogas power 
project, the dung is used as a raw 
material for feeding the biogas 
digester & the slurry generated is sold 
as nitrogen rich manure genera�ng 
addi�onal revenue. 

Process Descrip�on:

The ca�le dung is collected manually 
& brought to slurry prepara�on tank. 
The dung is then mixed with water in 
1:1 propor�on to prepare desired 
concentra�on. The mixed slurry is 
then charged into the biogas digester 
by gravity where biogas is generated 
a�er spending the designed reten�on 
�me. The generated biogas is stored in 
balloon of 50 m³ capacity. For 
removing H₂S & CO� from the biogas it 

is passed through scrubbers.  The 
purified gas is then supplied to biogas 
engine of capacity 15 KVA which 
generates electricity around 120 
units/day. The generated electricity 
from biogas plant is u�lised for ligh�ng 
in animal shed, for irriga�on purpose 
to run the (10 HP) motor, for opera�ng 
chaff cu�er (7.5 HP) and cow milking 
machine (4.5 HP). The generated slurry 
used as nutrient rich manure a�er 
dewatering & drying. The le�over gas 
is supplied for cooking to the labour 
quarters. 

Project Components:

•  Slurry prepara�on tank
•  Dung mixer – 1 no. 5 HP 
•  Fixed dome biogas digester - 100 m³ 
    in RCC 
•  Manure handling sec�on 
•  Sludge pump - 3 HP

Plant Economics: -

S. N. Parametres Specifica�ons

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Plant Capacity

Type of plant

Biogas genera�on

Electricity genera�on

Manure genera�on

Total revenue (electricity genera�on)

Total revenue (manure)

Total cost of the project (FY 2010-11)

CFA (MNRE)

2.5 TPD

Fixed Dome

100 m³/day

120 kWh/day

Approx. 135-150
tons/annum

1.5 lakhs/annum

Approx. 3.0
lakhs/annum`

15 lakhs

4.80 lakhs

•  Biogas storage balloon – 1 no. 50 m³ 
    in Neoprene Rubber with enclosure
•  Biogas cleaning system – CO₂ & H₂S 
    scrubbers, pressure vessel & 
    vacuum pump etc.
•  Power genera�on – 15 KVA/12 kW

It is necessary to encourage such 
reliable decentralised energy projects 
especial ly in the rural  areas to 
supplement electricity supply and 
overcome the problem of  load 
shedding. Such projects can be 
replicated on larger scale by devising 
proper socio-economic models. 
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iogas is mixture of different B gases  produced  by  the 
breakdown of organic ma�er and is 
produced at landfills, or through 
anaerobic diges�on (Agriculture, 
Sewage and so on ).

Biogas produc�on is associated with 
the challenges of purifica�on of 
associated impuri�es which can 
damage the end users' systems. 
Biogas is iden�fied as a key segment 
by the Ministry of new renewable 
energy MNRE of India for augmen�ng 
our energy resources in India. The 
need to purify the gas to meet the 
specifica�on or criteria of the end 
users has increased since the gas has 
to be used for higher value industrial 
processes.

The technology of biogas produc�on 
is well established and is s�ll evolving. 
Similarly, the purifica�on of biogas to 
achieve the quality requirements as 
subs�tute for  natural  gas  is  a 
challenge and there are con�nuous 

efforts to improve the purifica�on 
processes to meet these challenges 
especially when producing quality 
biogas, which would be fed in to the 
gas grid. 

In short, Biogas quality should meet 
pipeline standards if it is being sold into 
the grid, and reduce maintenance cost 
on equipments. This way, producers 
are also able to meet environmental 
compliance. 

Cabot Norit, with its vast technology 
leadership, have introduced high 
performance grades for purifica�on  of  
biogas. Using appropriate grades of 
ac�vated carbons with suitable pore 
structure gives op�mum performance

R a w  B i o ga s  C o m p o s i � o n  a n d 
impuri�es :

Biogas is primarily composed of 
methane, CO₂, and other impuri�es. A 
typical raw gas composi�on is as 
below.

•  Methane 50- 60% 
•  CO₂ 38% 
•  O₂ 0 – 2% 
•  H₂S 1–10,000 PPM 
•  Siloxanes 1–10 PPM 
•  VOCs 1-1,000 PPM 
•  Rela�ve Humidity 0-100%.

Typical applica�ons of ac�vated carbon 
based clean biogas for domes�c use as 
a cooking gas at localized levels or as 
community gas supply, or feeding into 
natural gas pipelines, use in gas 
turbines, boilers, and engines or 
bo�ling in cylinders in automobiles 
fi�ed with CNG. Each of these systems, 
need certainly a good gas composi�on, 
for reasons like aesthe�cs (odor), 
engineering (preven�on of corrosion 
and deposi�on in nozzles and pipelines, 
and so on). The emission control limits 
are also confined effec�vely. The 
Bio–CNG, as it is called requires one of 
the highest quality requirements.

H�S content should be as low as 

Biogas Purification – By Activated Carbons 
Mr. S. Venkatesan

Cabot India Limited - Purifica�on Solu�ons Division 

Na�onal Corner
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possible, even though the limit for Bio 
CNG  norms require 30 ppm. Since the 
emission levels are ge�ng more 
stringent, this has to be reduced to 
lower than 10 ppm.

Purifica�on processes

There  are  many  alterna�ve 
technologies like water scrubbing, use 
of ferric oxide, use of impregnated 
carbon grades, use of cheap carbons 
etc., all having their own limita�ons. 
Due to water scarcity in many places, 
technologies of plant like alkaline 
scrubbers, chemical based scrubber 
systems, chemically precipita�ng, etc. 
are liming the scope of separa�on 
process due to requirement of 
considerable amount of water.

Ac�vated carbon, with its simplicity of 
simple column process with a right 
grade of ac�vated carbon eases the 
opera�onal problems and improves 
quality of the final gas.

Impuri�es removed by Ac�vated 
carbon grades
a.   H�S (Can be removed with 
      ac�vated carbon) 
b.   Siloxanes (Can be removed with 
      ac�vated carbon) 
c. VOCs (Can be removed with 
      ac�vated carbon) 

As already discussed, H₂S can create 
problems of odor, corrosion, fouling 
and even fire hazards. In general, the 
limits are set by the user industry 
standards, or by Legisla�on of the 
state.  Aesthe�cs (odor control) also is 
a key driver as the user does not want 
the foul smell.  H₂S not only has foul 
odor, but also toxic in the small 
concentra�ons  of  100  ppm, 
depending upon the exposure �me. 
The range  of H₂S in raw gas extend 
upto as high as 10000 ppm.

Biogas customers need to remove H₂S 
in order to: 
a.   Meet environmental permits 
b.   Prevent corrosion of equipment 
c.   Meet pipeline gas specifica�ons 

Siloxanes

These are a group of man-made 

organic compounds used to produce 
personal hygiene, health care and 
industrial products. Widespread use of 
siloxanes has contributed to significant 
amounts of impuri�es found in 
wastewater and landfills. Even at levels 
of 0.5 PPM in raw biogas, siloxanes can 
cause significant damage, destruc�on, 
and reduced efficiency of engines, 
turbines, boilers, fuel cells, and 
catalysts. Siloxane damage leads to 
higher costs and can seriously impact 
biogas upgrading.

Vola�le organic compounds 

Organic chemical compounds o�en 
fo u n d  i n  b i o ga s  d e r i ve d  f ro m 
agriculture, landfills, and wastewater 
treatment facili�es cause significant 
damage  to   membranes  and 
contributes to SOx and NOx emissions.

Ac�vated carbon types

Ac�vated carbon has enormous 
surface area to adsorb and remove 
impuri�es. The selec�on of the 
appropriate grade is always a challenge 
and it is best le� to the experts in the 
ac�vated carbon industry. Cabot Norit 
has long experience and offer a wide 
range of ac�vated carbons to tackle 
individual components at very efficient 
and economical levels and ensure and 
clean process.  The three products 
types for biogas purifica�on are Darco 
BG1, Norit  Silpure, and Norit RB4 type. 

Of these the primary product is Darco 
BG1 meant for removal of H₂S. Darco 
BGI offers has very high removal 
capacity for H₂S approx. 32 g/100 g of 
the carbon.  In addi�on, it has low 
density and hence economical on 
weight basis. The chemistry of the 
product ensure that bricking is 
minimized. Its low dust emission 
during handling ensure high safety 
while refilling the vessels. 

Typical opera�ng condi�ons for H₂S 
concentra�ons typically range from 0 – 
+10,000 PPM 

Op�mal condi�onals for DARCO 
products are 

1.   H₂S: 1 - 3,000 PPM 
2.   Rela�ve Humidity: +60% 
3.   O₂: 4:1 vs. H₂S (1,000 PPM: 2% O₂) 
4.   H₂S removal uses cataly�c reac�on:  
      BG1 needs 5-7 seconds contact �me 
5.   Temperature < 160 degrees F 

Apart from Darco H₂S, Norit SILPURE 
grade for siloxane removal and Norit RB 
types  for VOC control. Siloxanes which 
are present even at 0.5 ppm in the gas, 
can cause severe problems to engines.

NORIT SILPURE ac�vated carbon 
provides high-efficiency siloxane 
re m o va l  re s u l � n g  i n  ex te n d e d 
equipment life, reduced opera�onal 
costs, and enhanced gas processing 
due to a reduc�on of media change 
outs.

NORIT SILPURE ac�vated carbon uses 
p ro p r ietar y    tech n o lo gy    to 
preferen�ally adsorb siloxanes over 
high BTU vola�le organic compounds 
commonly found in biogas. This 
process increases loading capacity and 
improves gas purity resul�ng in lower 
maintenance costs, less frequent 
material change-outs, and increased 
gas processing capability.

Norit RB 4 types of carbons offer the 
high performance for adsorp�on of 
VOC components.

Cabot Norit can help designers of 
plants and process companies with 
appropriate column sizing.  Biogas 
producers who already use normal 
grades can gain a lot by change over to 
the efficient Darco grades of carbon 
which offer far superior performance at 
op�mum cost levels. Cabot Norit also 
can advise the vessel sizing based on 
the the details of the project raw gas 
composi�ons/ mass flow etc.

Summary
Ac�vated carbons are durable, safe, 
easy to use and economical choice for 
biogas purifica�on, when the op�mum 
grades are selected and applied. 
Various grades from Cabot Norit offer 
op�mum performance, quality and 
reliability for the gas purifica�on 
process.  
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RedBioLAC: A biogas network of Latin America

a�n America presents a broad L context in terms of regula�ons 
d eve l o p m e nt s ,  p r i vate  s e c to r 
development, and energy & natural 
resources availability. For many the 
technology is mostly a biological 
treatment for organic residues (with 
great demand for that at diverse 
substrates and scales), providing some 
energy for their own consump�on, 
and for others, it is a great source of 
biofer�lizer. From fish produc�on, to 
paper pulp,   l ivestock,   dairy, 
agriculture residues, municipal waste 
and so on, anaerobic diges�on is 
a�rac�ve by itself. However, no 
country  i s  provid ing sufficient 
incen�ves to see it only as solu�on for 
p r o d u c i n g  e n e r g y,  a s  o t h e r 
technologies would have be�er 
results when it comes to diversify the 
energy grid. Probably, similar to the 
development India had during their 
first decades, La�n America today 
presents opportuni�es s�ll to be 
tapped. Many countries are going 
through feasibility studies, many 

organiza�ons working in solving 
technical issues, and research is 
focused not only on the basics, but also 
in the strategies, which might make the 
technology be understood and known, 
desired and market ready. There are a 
bunch of ini�a�ves willing to address 
the need of complying with a legal 
framework to start it in the right way, 
and hopefully, will follow policies to 
support its market. S�ll, capacity is the 
limi�ng factor within the industry, and 
providers or local  manufacture 
of products and services are to be   
developed.                  

The La�n American Biogas Network 
gathers  organ iza�ons  f rom 15 
countries within the region and works 
s i n c e  2 0 0 9  i n  t h e  p ro m o � o n , 
awareness raising and capacity 
building around the topic anaerobic 
diges�on of organic residues. Since its 
founda�on we have pursued the 
development of household biogas 
plants but also produc�ve scales for 
t r e a t m e n t  o f  a n i m a l  m a n u r e , 

agriculture residues, waste water, 
slaughter houses and municipal waste.

The par�cipants of the network are 
private companies,  universi�es, 
technical schools, research and public 
ins�tu�ons among others. Together 
with them we hope to achieve our 
mission: “to become the main network 
within the region, which brings 
together ins�tu�ons related to applied 
research, pursuing the dissemina�on 
of anaerobic bio-diges�on. To further 
s�mulate integral treatment and 
management of organic waste streams 
as strategies to improve the well-being 
of the popula�on of La�n America and 
the Caribbean (LAC)”.

During our last strategic defini�on 
mee�ng, we revised our objec�ves, 
which  are as  follows:
•  E xc h a n ge   i n fo r m a� o n   a n d 
  experiences  among  ins�tu�ons 
  par�c ipa�ng   in   RedBioLAC 
• Iden�fy and overcome technical, 
  environmental ,   soc ia l ,   and 

Interna�onal Corner

Ms. Mariela Pino
RedBioLAC 

www.biogas-india.com Biogas Magazine I June 2017 I  30



  economic    barriers
•  Propose projects, mechanisms and   
  ideas to disseminate bio digester 
     technology   in   LAC
• Ar�culate alliances that facilitate  
  the adop�on of bio-digestors 
     technology.
•   Promote the incorpora�on of other 
  organiza�ons, ins�tu�ons and 
  r e s e a r c h e r s  i n  t h e  fi e l d  o f 
     bio-digesters.
•  Syste m a� ze   re s e a rc h   a n d 
  dissemina�on among partners 
  working in interdisciplinary fields 
   (Health, Financing, Policy, Educa�on, 
  Industrializa�on, and Marke�ng).
•  Encourage ac�ons of influence and 
  incidence of policies related to 
    bio-digesters.

Currently, we channelize support and 
facilitate crea�on of working groups 
for the development of diverse 

topics, ranging from research and 
development to communica�on. We 
also support students willing to 
contribute to knowledge exchange 
within their own countries, but also 
abroad.

The current working groups this year 
work in the fields of:
•  Dry anaerobic diges�on
•  Homolac�c fermenta�on of bio-
    slurry
•  Heat support for domes�c biogas 
    plants for cold areas using solar 
    collectors 
•  RedBioLAC magazine
•  Online training 

In the last few years, we had iden�fied 
several barriers that make the biogas 
sector difficult to be achieved, and 
within our first publica�on we describe 
several ideas to tackle them and boost 

the biogas sector within the region. The 
document “Oportunidades para el 
desarrollo de un sector sostenible de 
biodigestores de pequeña y mediana 
escala en LAC” (only available in 
Spanish) is available at our website. 

Finally, we would like to highlight that 
India has been a great reference, and 
due to the similar climates and context, 
many of its references, cases/models 
are s�ll used in LAC. Regre�ably English 
speaking is not widely used in LAC, 
nonetheless we would like to invite 
biogas prac��oners to send their 
abstracts to our call,  as we are 
celebra�ng our 9�� annual gathering, 
this year in Buenos Aires, Argen�na, 
between November 6 & 10, 2017. All 
relevant informa�on in this regard can 
be found at  encuentroredbiolac.com.
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Guangzhou Pazhou, China Guangzhou Pazhou, China 

16-18 AUGUST, 2017
Guangzhou Pazhou, China 

 20-22 SEPTEMBER, 2017 20-22 SEPTEMBER, 2017
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 20-22 SEPTEMBER, 2017
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 26-28 SEPTEMBER, 2017 26-28 SEPTEMBER, 2017
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 26-28 SEPTEMBER, 2017
Navi Mumbai, India

22-24 NOVEMBER, 201722-24 NOVEMBER, 2017
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WORLD BIOGAS EXPO 2017WORLD BIOGAS EXPO 2017WORLD BIOGAS EXPO 2017

6�� APBE 20176�� APBE 20176�� APBE 2017

RENEWABLE ENERGY INDIA EXPORENEWABLE ENERGY INDIA EXPORENEWABLE ENERGY INDIA EXPO

IFAT 2017IFAT 2017IFAT 2017

3�� ENVIROTECH ASIA3�� ENVIROTECH ASIA3�� ENVIROTECH ASIA

Event

SUPPORTED EVENTS

www.biogas-india.com Biogas Magazine I June 2017 I  31





yrolysis is considered as an P a�rac�ve thermo-chemical 
process to convert carbonaceous 
material into useful fuels. Due to 
increasing global uncertainty in supply 
of crude oil and vola�lity in its price, 
the major economies and rapidly 
growing countries like India, China are 
push ing  for  deve lopment  and 
commercializa�on of biofuels from 
waste biomass. There is produc�on of 
huge quan��es of food grain in India 
and consequently the amount of rice 
straw, wheat straw etc. obtained is 
also enormous. About 60-70% of that 
biomass is consumed by ca�le as 
fodder and the le�over is considered 
as waste biomass. 

Pyrolysis of this waste biomass may 
produce valuable fuels. Pyrolysis or   
thermal decomposi�on is defined as a 
process where the biomass sample is 
heated to 400-600⁰C at a high hea�ng 
rate in absence of oxygen. The solid 
product is known as biochar. The non-
co n d e n s a b l e  ga s e s  co n s i s t  o f 

hydrogen, carbon monoxide, carbon 
d i o x i d e ,  m e t h a n e  e t c .  T h e 
condensable vapor is collected as bio-
oil which is a dark-brown colored 
liquid, dense, highly viscous and gives 
smell of burning of wet-wood. 

It is important to men�on that the 
main advantage of biomass is its very 
low sulfur content, o�en lower than 1 
wt%, it is renewable and available 
throughout the year. On the other 
hand, the main demerit of biomass is 
its high oxygen content, may be up to 
50 wt%. Due to this, the product bio-oil 
contains significant amount of water 
which makes it incompa�ble for use in 
a diesel engine. 

It may be men�oned here that the bio-
oil could be upgraded by a suitable 
catalyst under high- pressure hydrogen 
environment and then could be used 
as a drop-in fuel like diesel. This 
upgrading basically involves replacing 
oxygen atoms in bio-oil by hydrogen so 
that O/C ra�o in bio-oil becomes very 

small and at the same �me, H/C ra�o 
improves and makes it closer to the 
ra�o of H/C in diesel.

It is worthwhile to point that biomass, 
during collec�on from the field, 
contains lot of dust, soil etc. In general 
it is washed with tap water before 
processing. When the objec�ve is to 
maximize the produc�on of bio-oil, it is 
very important to remove unwanted 
material from waste biomass. Hence, 
some useful pretreatment of biomass is 
recommended. Many studies are 
available on acid treatment, alkali 
treatment on biomass. However, 
studies on torrefac�on of biomass as a 
useful pretreatment step, is rela�vely 
limited. 

Torrefac�on may be defined as mild 
pyrolysis where biomass is heated in 
200-300⁰C in absence of oxygen, at a 
moderate hea�ng rate of 10-20⁰C/min 
and residence �me up to 1 hour. The 
moisture content of biomass is 
removed. There is decomposi�on of 

Torrefaction: An efficient pre-treatment method for Pyrolysis
Dr. J. P. Chakraborty

Faculty, IIT - BHU
 

Research & Development
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h e m i c e l l u l o s e s  a n d  m o d e rate 
decomposi�on of cellulose. The lignin 
c o n t e n t    r e m a i n s    m o s t l y 
undecomposed. 

During torrefac�on, there is loss of 
energy as well as mass; however, the 
mass loss is more than loss of energy, 
hence, the energy density (energy per 
unit mass) increases significantly, may 
be up to 35%. This helps in reducing 
the transporta�on cost to a greater 
extent. Besides, the biomass, a�er 
torrefac�on, becomes more bri�le; 
hence, less grinding energy is required 
as  compared  to  raw  biomass. 
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Torrefac�on also makes the biomass 
hydrophobic; hence, depending upon 
requirement, biomass may be stored 
for a longer period of �me without 
moisture absorp�on. Finally, the 
torrefied biomass, if  pyrolyzed, 
produces bio-oil of lesser water 
content and be�er quality. The higher 
hea�ng value (HHV, MJ/kg) of bio-oil 
obtained from pyrolysis of torrefied 
biomass increases as compared to that 
obtained from pyrolysis of raw 
biomass.

From the above discussion it may be 
summarized that torrefac�on is a very 

useful pretreatment step for pyrolysis. 
There is some energy-expenditure 
during this process, however, the bio-
oil obtained from this is of be�er 
quality. 

The results of torrefac�on of biomass in 
my laboratory is presently being sent 
for publica�on; hence, I could not share 
those results. However, if someone is 
interested to discuss more about this 
process, he/she is welcome to send me 
an email regarding this.
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