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7.2 คณะกรรมการมวลชนสมัพนัธ ์

 

 
  







 
7.3 แผนการบาํรุงรกัษาเชิงป้องกนั (Preventive Maintenance Program)  
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7.4 เอกสารผูค้วบคุมระบบบาํบดัมลพิษ 

 
  





 
7.5 แผนการรบัสถานการณฉุ์กเฉิน 
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7.6 วิธีปฏิบตังิาน การควบคุมระบบเทอรไ์บนแ์ละเครืÉองเจนเนอรเ์รเตอร ์ 

เรืÉอง : วิธีการ Start เครืÉอง Turbine 20 MW 

 
 
  





























 
7.7 Safety-Operation Manual 
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1   2           

2   3                                       

3   4       ( ) 

 4   5       ( ) 
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:                  

     
 :                          

 

:          / /      

: 1.                     

                                           2. Air Compressor 

                                           3.  

                                            

:      1.    

         2.   ,  

 

: 

  1,2 

1.1  

1.1.1  , , , ,  

1.1.2   ,  –  ,   

1.1.3  ( ),  

1.1.4  

1.2   B2, C1, B6, C4 

1.3  

1.3.1  D5  B6,  D6  C1/C2  D7  C1, 

 S5  B2 ,  D1  

B6, B7, B3, ,  D2  B6, B7, ,  D3  

1.3.2  C1  Boiler 1-2  40 %  

 

1.3.3  B2, C1, B6, C4  

1.4  C4  

1.5  B2  D4  B6  

  D3   B6  

 B6   

  C1  B2  D3 
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1.6  

1.6.1  

1.6.2  D3   

1.6.3  C4, B6, C1, B2  

 :  -  B6    1.1 – 1.2   B7  

     D5  B7 

    -  B2  Trip,  C1  C2   

    S5   1.1 – 1.2  B11  

      S6  

     

    -  C1  Trip  1.3.1 , 1.3.3 , 1.4 ,1.5 

2.  3, 4 

2.1   

2.1.1  , , , ,  

2.1.2  , - , ,   

2.1.3  ( ) 

2.1.4  

2.2   B2, C1, B6, B8, C3, C4 

2.3  

2.3.1  D5  B6,  D6  B8,  D9  C1 

 S5  B2 ,  D1,  

B6, B7, B3, ,  D3,  

2.3.2  C3  Boiler 3-4  40 %  

 

2.3.3  B2, C1, B6, B8, C3, C4  

2.4  C4  

2.5  B2  D4  B6  

 D3   B6 .  B 6 

     

   C1  B2   D3   

2.6  

2.6.1  

2.6.2  D3   
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2.6.3   C4, B6, B8, C3, C1, B2  

 :  -   B6   2.1-2.2  B7  D5 

      B7 

-  B2  Trip,  C1  C2   S5 

  2.1-2.2  B 11 

 S6  

-  C1  Trip  2.3.1, 2.3.3, 2.4, 2.5 

-  C1  2.1 -2.2   C2  

D9  C2 

                                   -       C1  1,2  

3.  1, 2   1   C3 

3.1  

3.1.1  , , , ,   

3.1.2   ,  – , ,   

3.1.3  ( ),  

3.1.4  

3.2   B2, C1, B6, C3, C4 

3.3  

3.3.1  D5   B6,  D6  C1, C2,  D7  C1, 

 S5  B2 ,  D1  

B6, B7, B3,  ,  D2  B6, B7,   D3  

3.3.2  C1  Boiler 1-2  40 %  

 

3.3.3  B2, C1, B6, C4  

3.4  C4  

3.5  B2  D4  B6  

 D3   B6   

  B6     

   C1  B2  D3  

3.6   1 

3.7   1 

3.8  C3  D9  C1 

3.9  T1  

3.9.1  B9  C3  S1  B1  S2  C3  
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 : -  B6   3.1 -3.2  B7  D5 

      B7  

   -  B2   Trip,  C1  C2   S5  

      3.1 – 3.2   B11  

     S6  

-  C1  Trip  3.2.1, 3.3.3, 3.4,3. 

-  C1   3.1-3.2  C2  D9 

 C2  

   -  C3  C1  

       

   -  C3  3,4  

4.  1,2   1  B1 

4.1  

4.1.1  , , , ,  

4.1.2  , - , ,   

4.1.3  ( ),  

4.1.4  

4.2   B2, C1, B6, B1, C4 

4.3  

4.3.1  D5   B6,  D6  C1, C2,  D7  C1, 

  S5  B2 ,   D1  

 B6, B7,B3, ,  D2  B6, B7   D3  

4.3.2  C1  Boiler 1-2  40 %  

  

4.3.3   B2, C1,B6,C4  

4.4  C4  

4.5  B2  D4  B6   

  D3   B6  B6 

   

  C1  B2  D3  

4.6   1 

4.7   1  

4.8  B1  D8  C1 
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4.9  T1  

4.9.1  S1  B1  S2  C3  

4.10   1 

4.11  

4.11.1  

4.11.2  D3   

4.11.3  C4, B6, B1, C1, B2  

 : -  B6   4.1 -4.2  B7  D5 

      B7  

   -  B2   Trip,  C1  C2   S5  

      4.1 – 4.2   B11  

     S6   

-  C1  Trip  4.3.1, 4.3.3, 4.4, 4.5 

-  C1   4.1-4.2  C2  D8 

 C2  

5.  1, 2   2  C3 

5.1  

5.1.1  , , , ,  

5.1.2  , - , ,   

5.1.3  ( ),  

5.1.4  

5.2   B2, C1, B6, C3, C4 

5.3  

5.3.1  D5   B6,  D6  C1, C2,  D7  C1, 

  S5  B2 ,   D1  

 B6, B7,B3, ,  D2  B6, B7 ,  D3  

5.3.2  C1  Boiler 1-2  40 %  

  

5.3.3   B2, C1,B6, C4  

5.4  C4  

5.5  B2  D4  B6   

  D3   B6  B6 

   

  C1  B2  D3  
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5.6   2 

5.7   2  

5.8  C3   D9  C1 

5.9  T2  

5.9.1  B10  C3  S3  B1  S4  C3  

5.9.2  B10  S4  C3   S3  B1  

5.11  

5.11.1  

5.11.2  D3   

5.11.3  C4, B6, C3, C1, B2  

 : -  B6   5.1 -5.2  B7  D5 

      B7  

   -  B2   Trip,  C1  C2   S5  

      5.1 – 5.2   B11  

     S6  

-  C1  Trip  5.3.1, 5.3.3, 5.4, 5.5 

-  C1   5.1-5.2  C2  D9 

 C2  

   -  C3  C1  

       

   -  C3  3,4  

6.  1, 2   2  B1 

6.1  

6.1.1  , , , ,  

6.1.2  , - , ,   

6.1.3  ( ),  

6.1.4  

6.2   B2, C1, B6, B1, C4 

6.3  

6.3.1  D5   B6,  D6  C1, C2,  D7  C1, 

  S5  B2 ,   D1  

 B6, B7,B3, ,  D2  B6, B7 ,  D3  

6.3.2  C1  Boiler 1-2  40 %  
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6.3.3   B2, C1,B6, C4  

6.4  C4  

6.5  B2  D4  B6  

  D3   B6  B6 

   

  C1  B2  D3  

6.6   2 

6.7   2  

6.8  B1   D8  C1 

6.9  T2  

6.9.1  S3  B1  S4  C3  
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DISCLAIMER:

The purpose of the operation manual is to establish general guidelines for the safe and proper use and 
maintenance of the Process Plant (as defined in the Supply Agreement executed between the recipient 
and Praj Industries Limited) supplied by Praj Industries Limited (PIL). These instructions are submitted 
with the implicit understanding that:  
a) They are a guide to the recipient for the operation and maintenance of the Process Plant for 

efficient operation.  
b) The recipient has assigned skilled & competent maintenance and operating personnel for the 

functioning of the Process Plant described herein.  
c) The recipient has read, understood and thoroughly examined the aforesaid instructions prior to 

abiding with the requirements. 

The information contained in the Operational Manual is confidential, and is meant solely for the use of 
the recipient only and is not for circulation.  This document is not to be reported or copied or made 
available to others. The information contained herein is based on: 
a) The specifications and data provided by the recipient. 
b) The input parameters provided by the recipient. 

The operating parameters and auxiliary / utility consumption mentioned in the Operational Manual are 
to be used as guidelines only and the same may change during Process Plant stabilization as well as 
due to change in input specification. PIL is not liable for any operational hazards or injuries caused to 
anybody on account of the use of the processes mentioned in the Operational manual. During the 
warranty period Praj Industries Limited shall not be liable for any claims, losses, damages arising out of 
the use of the Process Plants by the recipient on account of non-compliance with the terms of this 
Operational manual.  The recipient shall comply with all applicable laws while using the Process Plants 
with respect to which this operation and maintenance manual is provided. 

Start-up assistance or field engineering service provided by Praj during the warranty period or 
thereafter on the request of the recipient shall in no way relieve the recipient of the responsibility for the 
proper maintenance and use of the Process Plant. 

PIL reserves the right to alter, amend and / or modify the operation and maintenance manuals from 
time to time. 

In no event shall PIL be liable for any damages and /or liabilities on account of any indirect, incidental, 
special, consequential or any other similar losses. 

The information incorporated in the Operational manual is subject to copyright and must not be used, 
disseminated, copied or disclosed to third parties without the written consent of PIL. 

If you are not the intended recipient you should forthwith destroy all copies and inform PIL at 
info@praj.net.

 © Praj Industries Limited All Rights Reserved Registered Office: Praj Industries Limited, `Praj House', 
Bavdhan, Pune - 411021 Maharashtra, India 
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1.0 GENERAL INSTRUCTIONS 

Operator must read and understand these instructions before operating the 
system. 

1.1 The procedures and operating conditions listed here are the guidelines only and 
may be modified on start-up. The control system must be flexible enough to 
accommodate these changes. 

1.2 This does not cover peripheral equipment, which may affect the Biogas Plant 
operation. 

1.3 It is expected that the operator may be required to take some actions not covered 
by this. The operator will be expected to monitor the system during operation, 
and may need to intervene to assure safe operation of the plant.  
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2.0 GENERAL INFORMATION OF “ECOMET-XT” 
PROCESS

2.1 ENVIRONMENTAL FACTORS 
2.1.1 TEMPERATURE 
2.1.2 pH 
2.1.3 NUTRIENTS 

2.1.4 MICRONUTRIENTS 
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2.0 GENERAL INFORMATION OF ECOMET – XT PROCESS 

Anaerobic digestion of complex organic matter is carried out in the ECOMET-XT 
process. 

Different bacteria carry out the anaerobic digestion of organic compounds. Generally 
three main groups are distinguished. 

� Hydrolyzing bacteria  (“Solubilizing” bacteria) 
� Acetogenic bacteria  (Acetate forming bacteria) 
� Methanogenic bacteria  (Methane forming bacteria) 

The anaerobic digestion process is divided into four separate, but closely related 
steps.  

The Methanogenic bacteria convert acetate or hydrogen plus carbon dioxide to 
methane. They can also convert format (HCOOH), methanol (CH3 OH) and carbon 
monoxide (CO) into methane.    

Acidifying bacteria are active until a pH of about 4 has been reached.  The optimum 
pH however, is around 6.0. Some Acetogenic reactions are given below: 

                      �G’o* 
                    (KJ/Mole) 

Lactate + 2H2O  �  acetate + CO2 + H2O       - 4.2 

Ethanol + H2O  �  acetate + 2 H2        +9.6 

Butyrate + 2H2O  �  2 acetate + 2 H2          +48.1 

Propionate + 2H2O  �  acetate + 3H2O2 + CO2    +76.1 

The Acetogenic reaction shows that the breakdown of ethanol, butyric acid and 
propionic acid into acetate does not yield energy under standard conditions (a 
negative in free energy � G’O indicates that a reaction yields energy).  

Acetogenic bacteria can only perform these reactions if the concentration of acetate 
and especially H2 are low. The concentration of these products can only be kept low 
by Methanogens and by sulfate reducing bacteria. 
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The acetogens are therefore obligating synthrophic bacteria (they have to live 
together with bacteria that remove acetate and H2) and depend upon an effective 
inter-species hydrogen transfer. Of the Acetogenic substrates found in anaerobic 
digestion, propionate breakdown is thermodynamically the most unfavorable reaction.  
Therefore when a reactor is upset, usually propionate is present in high 
concentrations.  

COD removal does not take place during hydrolysis and acetogenesis. Only 
conversion of one form of organic matter to another form takes place during these 
steps.  The actual elimination of organic matter occurs in the Methanogenic step in 
which the COD in the form of methane is separated from the wastewater.  

The Methanogens can be divided into two major groups: the acetate converting 
(acetotrophic) bacteria and the hydrogen-utilizing (hydrogenotrophic) bacteria.  A 
small group is able to use acetate and hydrogen and carbon dioxide as well as 
methanol.  

The main Methanogenic reactions are: 

Substrate   Reaction  

Acetate   CH3COOH �  CH4 + CO2 

Hydrogen   4H2 + CO2 �  CH4 + 2H2O2

Methanol   4CH3 OH2 �  3CH4 + CO2 + 2H2 O 

During the process upset the pH will also drop but this will only happen when the 
buffer capacity of the reactor contents has been reduced and most bicarbonate has 
been converted to CO2.   So the pH decrease is not measured immediately but only in 
the last stage of the problem.  

Thus by measuring the reactor effluent VFA daily, anaerobic reactors can be operated 
in a responsible way.  

The good methanogenic active sludge should be present in the reactor. 

For treating of raw combined effluent, the sludge activity required is 0.5 minimum. 
(Consider VSS / TSS ratio 0.5). The methanogenic activity of sludge should also be 
checked regularly in the laboratory.  
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2.1 ENVIRONMENTAL FACTORS 

2.1.1 Temperature

The temperature has an important effect on the growth rate and the activity of 
bacteria. Three temperature conditions can be distinguished.  

Optimum temperature of different bacteria is in range of  

Psychrophilic   0 - 20°C 

Mesophilic   20 - 40°C 

Thermophilic   50 - 70°C 

The optimum temperature for methanogenic bacteria is the range of 35 - 38°C.  
Therefore it is best to operate the reactor at a temperature of 38°C.When a reactor is 
operated at 32°C, a small decrease in influent temperature can cause a decrease in 
activity of sludge 20 - 30%. 

When a reactor is operated at 40°C, a small increase in influent temperature can 
cause irreversible damage and a serious reactor upset will follow. At all times an 
influent temperature above 40°C must be avoided.  

The activity of acidifying bacteria is not influenced as much by the temperature as the 
activity of the methanogenic bacteria.  

A very important characteristic of methanogenic bacteria is the ability to maintain most 
of their activity when they are stored unified, at a temperature between 4 - 15°C, even 
up to periods of two years.  

At higher temperature there is more decrease in activity.  In case of process upsets, 
stored methanogenic sludge can be used to reload a reactor so that in the short time 
the process is back to normal.  So it is advisable to store excess sludge if possible.   
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2.1.2 pH and pH Buffering  

The optimum pH for methanogenic bacteria is in the range 6.8 - 7.5, but methane 
formation proceeds between pH 6.0 and 8.5. At all times the pH in the mixing header 
above the bioreactor must be kept above 6.8 and the reactor must be operated at a 
pH of 7.0 to 7.5. The reactor pH must never drop below pH 6.8. So when the pH in the 
reactor drops below 6.8, acidifying bacteria will continue to acidify, whereas methane 
formation stops. So VFA will accumulate and the reactor can go sour.   

The control of the pH is of fundamental importance for the maintenance of optimal 
growth and conversion process in the anaerobic reactor.  

The pH can only be adjusted before the influent enters the reactor, not in the reactor 
itself.  

2.1.3 Nutrients  

Like all microorganisms, anaerobic bacteria need nutrients for their growth. The 
minimum need for nitrogen (N) and phosphorus (P) can be calculated from the growth 
yield and the cell composition.  

(10 to 12% N and 2% P of total solids). 

Normally for the digestion of non-or partly acidified wastewater N and P are required 
in the following ratios: 

BOD : N : P =  100 : 2.5 : 0.5 (COD : N : P  = 200 : 2.5 : 0..5) 

In case of deficiency, supplementation of   N and P is required. Therefore, the influent 
needs to be checked on its nutrients content weekly. The lack of nutrients will 
decrease the BOD / COD removal efficiency and sludge growth.  

The nutrients can be supplemented through Urea & DAP. 

2.1.4 Micronutrients: 

Micronutrients like Ammonium Molybdate, Nickel Chloride, Ferric Chloride, Cobalt 
Chloride and Zinc Chloride should also be added in the reactor to increase the activity 
of the sludge (If required). 
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3.0 DESIGN DATA 

3.1 RAW EFFLUENT CHARACTERISTICS 
3.2 PERFORMANCE PARAMETERS 
3.3 CHEMICALS & UTILITY REQUIREMENT 
3.4 SPECIFICATIONS OF INPUTS 
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                                                 3.0 DESIGN DATA 

3.1 RAW EFFLUENT CHARACTERISTICS 

The Effluent Treatment Plant supplied by Praj Industries Ltd. is to treat the effluent 
from 100 KLPD distillery plant based on molasses as a feed stock. The system is 
anaerobic biomethanation based on the Mixed Tank Reactor process.  

The process is designed on the basis of the following characteristics of the raw 
effluent i.e. spent wash. 

a) Distillery Capacity   : 200 KLPD  
b) Spent Wash generated   : 2450 m3 / day (Maximum) 
c) Total Solids Concentration  : 11 - 12.5% w/w 
d) Total dissolved solids concentration  :  105,000 - 120,000 mg/L 
e) COD in spent wash   : 110,000 - 125,000 mg/L 
f) BOD in spent wash   : 55,000 - 62,500 
g) Spent wash Temp.   : 50 oC
h) Spent wash pH    : 4.0 - 4.5 
i) BOD : COD ratio    : 1:2 

Note: 

a) Spent wash should be free from active yeast cells, toxins & substances, which are 
harmful for the growth of bacteria involved in the Bio-Methanation Process. 

b) Ratio of BOD: COD shall be as per mentioned above, incase of adverse ratio, 
organic degradation and gas generation will be affected. 

3.2 PERFORMANCE PARAMETERS 

The plant shall perform to the following parameters for the input of spent wash as 
specified in 3.1 above. 

a) Biogas Produced  : 0.45 - 0.55 m3 / kg of COD    
                                           Reduced OR 0.70 to 0.80 m3/kg BOD  
      reduced (Whichever is minimum) 
b) Digestive COD reduction : 65% + 5% 
c) Digestive BOD reduction : 85% + 5% 
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d) Expected Biogas composition : Methane - 50 to 55% 
e) Commissioning Period  :         Three months from the date of start of Spent 

      wash to Bioreactor. 
f) Stabilization period  : 15 - 20 days after commissioning period.

NOTES:

a) During commissioning of the plant / stabilization of the process, the client shall 
ensure continuous supply of spent wash (Free from yeast cells, toxins & 
substances which are harmful for the growth of bacteria involved in the Bio 
methanation process.), power, and all utilities such as chemicals, water, skilled, 
manpower and qualified supervisors. 

b) Performance parameters shall stand modified to the extent inflow BOD / COD are 
reduced. Guaranteed BOD / COD reduction and gas generation shall stand 
reduced to the extent percentage point the BOD / COD of influent is reduced than 
the design parameter. 

c) The period of commissioning and stabilization will be three months and fifteen 
days respectively after completion of sludge loading, subject to availability of 
inputs as per the respective parameters / specifications. 

3.3 CHEMICALS & UTILITY REQUIREMENT 

a) Lime     : 9.0 – 10.0  MT/day  
b) DAP / Urea    :  800 - 900 kg/day  
c) Activated  seed sludge   :  2800 - 3000 m3

d) Steam     :  As required only during initial start 
       up and Restart up. (After distillery 
       shut down of more than 15-20 Days.

e) Process water    : 5  - 6 m3 / hr at 3.5 kg/cm2 pressure 
f) Cooling tower circulation water : 135 m3/hr (10oC delta T) 

(Soft water) 
g) Cooling tower makeup water  :  2.5 to 3.5 m3/hr 
h) Operating Power   :  400 - 410 kW 
i) Installed Power    :  675 - 685 kW 

NOTE: Cooling tower circulation water quantity depends on relative humidity 
  and drift losses. 



 
OPERATION   MANUAL 

 
PROJECT 

NO. CLIENT SECTION DOCUMENT NO. REV. 
NO. 

PAGE 
NO. 

ISSUE 
DATE 

D-08018 Khon Kean Alcohol 
Co. Ltd. 

Biomethanation 
Section D-08018-4-OPM-801 0 13 OF 69 03/06/2010 

CONFIDENTIAL THIS DOCUMENT IS THE PROPERTY OF PRAJ INDUSTRIES LTD., INDIA AND SHOULD NOT BE REPRODUCED WITHOUT 
WRITTEN CONSENT FROM,”PRAJ INDUSTRIES LTD, “PRAJ HOUSE”, BAVDHAN, PUNE 411021, INDIA 

3.4 SPECIFICATIONS OF INPUTS 

3.4.1 PROCESS WATER 

Process water should be filtered and shall not contain any E. COLI or COLIFORM 
bacteria with total germs count being limited to 60 Nos. /ml. The chloride content shall 
be less than 25 ppm. This process water will be required for following: 

a) Reactor (initially during start up).
b) Pressure & vacuum Release device. 
c) Agitator Gland Cooling. 
d) Pump Gland Cooling. 
e) Lime & Nutrient dosing Tank. (Initially during start up)
f) Sediment traps with spraying system. 
g) Water seal type flare unit tank 

Supply pressure : 3.5 kg/cm2

3.4.2 AMMONIUM PHOSPHATE (DAP):

Commercial grade DAP used as a nutrient to biomass culture to be provided once in a 
shift/day for initial commissioning & stabilization period. DAP shall be in the form of 
granules & Composition as below: (Values in % w/w) 

a) P205 : 50 MIN 
b) Nitrogen : 20 MIN 
c) Arsenic : 0.0001 MAX. 
d) Iron  : 0.01 MAX. 
e) Lead :    0.001 MAX 

3.4.3 UREA (46% NITROGEN):

a) Total Nitrogen  : 46% w/w (Min) 
b) Biuret   : 1.3 % w/w 
c) Methylene Di-Urea : 0.3 - 0.4 % w/w 
d) Moisture    : 0.08% w/w 
e) pH    :    8 SU 
f) Free Ammonia  : 120 ppm 
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3.4.4 STEAM FOR HEATING DURING WINTER: 

Dry, saturated steam should be provided at the inlet of steam header in plant and the 
pressure required shall be minimum 3.5 kg/cm2 (g) at the steam header. 

The maximum variation in the steam pressure shall not be more than +/- 0.1 kg/cm2.

3.4.4 LIME: 

Freshly burnt lime for neutralizing the acidic spent wash during initial commissioning & 
stabilization period. 5 - 6 MT/day starting with 0.5 MT/day, in the increments of 0.25 
MT/day per week, as per increase in spent wash flow rate. 

3.4.5 ACTIVATED SEED SLUDGE:

Quantity required is approximately 2800 - 3000 m3.

Seed sludge should be of following quality and must sourced from digester operating 
on Similar waste by client which is operative for a period of at least 6 month prior to 
procurement of culture and should have been achieved minimum 60% COD reduction 
and 80% BOD reduction. 

Sr.
No. Parameter Unit Values 

1. pH  7.0 - 7.5 

2. Volatile Acids (VA) mg/L 1000 - 5000 

3. Alkalinity mg/L 5000 - 15000 

4. VA: Alkalinity Ratio  1:3 to 1:5 

5. Total Suspended Solids (TSS) mg/L 15,000 - 20,000 

6. VSS: TSS Ratio  0.5 

7. Total Dissolved Solids (TDS) mg/L Less than 35000 

3.4.6 ELECTRIC POWER: 

380 +/- 10% V, 3 phase, 50 Hz supply, 4 wire. Continuous electric supply to be 
provided through cable connected at the incoming of electrical control panel located in 
lab / control room. 
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3.4.7 MAN POWER: 

Following trained and qualified operating / maintenance manpower should be made 
available: 

a) Biogas plant in charge  : 1(General shift) 
b) Process chemist   : 1 (in each shift) 
c) Operator    : 2 (in each shift) 
d) Helpers    : 2 (in each shift) 
e) Maintenance fitter  : 1 (in each shift) 
f) Maintenance Electrician : 1 (in each shift) 

3.4.8 SPENT WASH: 

Required quality of spent wash as mentioned in 3.1 

NOTES:

a) The above figures are indicative and may vary to some extent. 

b) The quantity of chemicals required will change depending on the characteristics of 
incoming effluent and quality of chemicals. 

c) Seed sludge is required during commissioning of the plant and during trouble 
shooting of biodigester.

d) Chemicals are required during startup & also during trouble shooting of digester at 
the time of regular operation (As and when required). Actual dose of chemicals 
required shall be worked out during commissioning.    

e) Steam will be required only if start up is in winter & Restart up after distillery 
shutdown of more than 15 - 20 days. 

f) Filling water is required at the rate of 50 m3 / h / digester for filling up the reactors 
at a pressure of 3.5 kg/cm2 for 7 days in the beginning of commissioning activity. 
The water may be required during commissioning period and the quantity shall be 
worked out during commissioning of the plant. 
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4.0 GENERAL PROCESS DESCRIPTION 

4.1 PRE - SETTLING 
4.2 NUTRIENT DOSING SYSTEM 
4.3 REACTOR FEED PUMPS 
4.4 SPENT WASH COOLERS 
4.5 MIXING IN BIOREACTORS 
4.6 HRT & SRT 
4.7 pH CONTROL 
4.8 SPENT WASH HEATING SYSTEM 
4.9 GAS COLLECTION & HANDLING 

4.10 SAFETY SYSTEM 
4.11 CONTROL SYSTEM 
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4.0 GENERAL PROCESS DESCRIPTION

Refer Process Flow Diagram (D-08018 - 2 - FLS 801).

The anaerobic biomethanation system uses a specially designed Mixed Tank 
Reactor; (ECOMET-XT) called bioreactor, to convert organic matter into useful 
energy in the form of biogas. The biological process of conversion takes place at 
mesophilic temperature range in a controlled atmosphere ensuring maximum 
conversion efficiency & production of biogas. 

4.1 PRE-SETTLING: (T-801 A / B):

Before entering the bioreactor (R-801 A/B) the spent wash from distillery unit, having 
characteristics as defined in section 3.1 will be received into a suitably designed 
settling tank (T-801 A/B) to enable settling of suspended solids in spent wash. 

The properly designed pre-settling system ensures consistent operation of the 
bioreactor by reducing the inorganic solid built up in the bioreactor. The settled solids 
from this tank shall be removed for further disposal, as specified in the procedure 6.1

4.2 NUTRIENT DOSING SYSTEM (T-802): 

Fresh lime will be received in the nutrient dosing tank (T-802) along with required 
quantity of water to prepare milk of lime with the help of specially designed agitator (A-
803). 

Also other nutrients like DAP, UREA etc will be added in the same Tank (T-802) along 
with required quantity water to prepare their respective solutions. 

Both, milk of lime & nutrient solutions will be added to influent spent wash in a small-
spent wash sump pit (which is part of spent wash settling Tank) by overflow. 

The lime & nutrient dosing to spent wash will be done as & when required and only 
during stabilization of the plant.

4.3 SPENT WASH COOLERS: (H-801A/B/C/D/E/F):

The spent wash will be pumped from T-801 A to C, by P-801 A / B / C / D / E / F to 
bioreactor R-801 A / B/C, via Heat exchanger (H-801 A / B / C / D / E / F). 
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The heat exchangers are designed to maintain the spent wash` temp in the range of  
36 - 38 o C using cooling water from cooling tower. Cooling water recirculation pumps   
are used to pump the cooling water to heat exchangers. 

4.4 MIXING IN BIOREACTOR: (A-802 A/B/C/D/E/F/G/H/I & A-801 A/B/C): 

Before entering the reactor, the raw spent wash is mixed with the active sludge 
recycle from parallel plate clarifier into a header located on the top of the bioreactors. 

The sludge recycle flow rate is measured by the flow meter (MG 803 / MG 804 / 
MG805). By pass arrangement is provided for operation simplicity and maintenance of 
the flow meter. 

Mixing in the reactors is done by re-circulation of biomass using scientifically designed 
mixing system & further enhanced by gas propagation. The mixing system consists of 
one top entry agitator (A-801 A / B / C) and nine side entry agitators (A-802 A / B / C / 
D / E / F / G / H / I) for the reactors (R-801 A/B/C). 

The feed point in the reactors is located just beneath the blades of the top entry 
agitator (A-801 A/B/C) in a specially designed draft tube. The top entry agitator 
pushes the influent through the draft tube towards the bottom. The draft tube has slots 
at the bottom, from where the spent wash comes out and mixes with the entire 
biomass of the reactor. 

The swivel types, side entry mixers, which are located on the bottom shell course of 
the reactors, do not allow the sludge in the bioreactor to settle. 

Efficient mixing helps microorganisms to reach fresh food in favorable living condition 
& convert organic matter into methane & carbon dioxide. 

The influent, effluent, biomass and biogas in the reactor travel from the bottom 
towards the top. The treated effluent along with some biomass will flow out from the 
overflow, while the biogas will flow to the free zone at the top of reactor. From free 
zone, gas will then blow to the Biogas blower. 

Various sample points are provided on the bioreactors to measure the concentration 
of sludge in the bioreactors. Drain points are provided to drain the sludge from 
bioreactors. 
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4.5 HRT & SRT: 

Bioreactor is designed for adequate hydraulic retention time, which is required for 
achieving design parameters while reducing the effects of shock loads & making the 
process sturdy. 

The digested effluent from the bioreactors will flow to the parallel plate clarifiers (S-
801 A/B/C/D/E/F) via degassing vessel (V-801 A/B/C) where the entrapped gases in 
the digested effluent are released. 

The part of the sludge from the treated effluent is settled in parallel plate clarifier (S-
801 A/B/C/D/E/F) and will be recycled back to the bioreactors to increase solid 
retention time. Sludge recycle is done by using sludge pumps (P-802 A/B/C/D/E/F). 

4.6 pH CONTROL: 

Spent wash pH is adjusted to 6.0 - 7.0 by recycling part of the treated effluent from the 
bottom of parallel plate clarifier with the help of the sludge recycle pumps (P-802 
A/B/C/D/E/F). 

4.7 SPENT WASH HEATING SYSTEM: (M-801A/B/C): 

If required, the spent wash is heated with direct injection of steam in to heating mixer. 
This heating system will enable to maintain the reactor temperature to around 38 0C
and hence help in quick start up of bio reactor.  

4.8 BIOGAS COLLECTION & HANDLING: 

The biogas produced in the bioreactors will be collected in the top dome of the 
bioreactors. Biogas will flow to the gas cleaning system via sediment trap (V-802) 
provided on gas line. The Sediment trap will help remove part of the moisture from the 
biogas.  

4.9 SAFETY SYSTEM:

For safe operation, flame arrestors (Y-803C) are provided on gas lines to protect the 
bioreactor from backfire. The flame arrester (Y-803B) is provided on the gas line from 
blower to flare unit.  

4.9 SAFETY SYSTEM:

For safe operation, flame arrestors (Y-803C) are provided on gas lines to protect the 
bioreactor from backfire. The flame arrester (Y-803B) is provided on the gas line from 
blower to flare unit. 
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Three water seal type pressure vacuum relief valves Y-801 A/B/C are provided on the 
reactors to protect from excess pressure or vacuum. 

The water seal type flare unit is provided to ensure the desired pressure in bioreactor 
and to flare the excess gas as and when required. 

4.10 CONTROL SYSTEM: 

The smooth & safe operation of the system is ensured by controlling the temperature 
of bioreactors. This is done with the help of temperature indicators and sample points 
provided at various locations of the reactors. 

Three water seal type pressure vacuum relief valves Y-801 A/B/C are provided on the
reactors to protect from excess pressure or vacuum. 

The water seal type flare unit is provided to ensure the desired pressure in bioreactor 
and to flare the excess gas as and when required.
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5.0 PRE COMMISSIONING CHECKS 



 
OPERATION   MANUAL 

 
PROJECT 

NO. CLIENT SECTION DOCUMENT NO. REV. 
NO. 

PAGE 
NO. 

ISSUE 
DATE 

D-08018 Khon Kean Alcohol 
Co. Ltd. 

Biomethanation 
Section D-08018-4-OPM-801 0 22 OF 69 03/06/2010 

CONFIDENTIAL THIS DOCUMENT IS THE PROPERTY OF PRAJ INDUSTRIES LTD., INDIA AND SHOULD NOT BE REPRODUCED WITHOUT 
WRITTEN CONSENT FROM,”PRAJ INDUSTRIES LTD, “PRAJ HOUSE”, BAVDHAN, PUNE 411021, INDIA 

5.0 PRE COMMISSIONING CHECKS

Refer P& I Diagram (D-08018 - 2 - PID 801 to D-08018 - 2 - PID 807 and D-08018 -
2 - PID 906).

Refer above P&I and ensure that all piping work is done as per the diagram. Ensure 
that all the piping, tanks, equipment, pumps are cleaned. 

5.1 SPENT WASH SETTLING TANK (T-801 A/B): 

a) Check the details as per drawings. 
b) Ensure that before start up, all the compartments of the tank must be empty and 

cleaned. 
c) Close the pump suction valves. 
d) Fill all the compartments of the tank with water. 
e) Check for leakages if any. 
f) Check the tank drain valves for leakages. 

5.2 NUTRIENT DOSING SYSTEMS (T-802): 

a) Fill both the dosing tanks with water. 
b) Check the water leakages. 
c) Check the tank drain valves for leakages. 
d) Check the water inlet lines. 

5.3 AGITATOR (A-803 A/B/C): 

a) Install the agitators as per the manual. 
b) Check the details as per the manual. 
c) Run the agitator for few minutes and check for any abnormal; sound. 
d) Check mixing profile. 

5.4 PRIMING POTS (T803 A/B/C): 

a) Check the details as per the drawings. 
b) Fill the Priming Pot with water. Close the inlet & outlet Valves. 
c) Check for water leakage. 
d) Ensure that the holes of filter plate are free from debris. 
e) Start the Reactor feed pump and pump the water to the bioreactors. 
f) Check feed line for any leakages. 
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5.5 REACTOR FEED PUMPS (P-801 A/B/C/D/E/F): 

a) Carry out all checks as per the operating manual instructions of the pump 

5.6 REACTOR FEED LINE INSTRUMENTS: 

a) Check the installations of the RTD’s, Temperature gauges, pressure gauges, 
Liquid flow meters, totalizes etc. as per the drawings. 

b) Do the electrical connections as per the manual. 
c) Check the proper indications   
d) Check the temperature indicators with regular thermometers. 
e) Check the liquid flow meter with zero flow rates when pump is off.
f) Check the direction of flow for liquid flow meters.

Note: Normally the instruments are factory calibrated. 

5.7 SAFETY SYSTEMS ON REACTOR (Y-801 A/B/C): 

a) Check the details as per the drawings. 
b) Fill the safety system with water. Close inlet valve & outlet valves. 
c) Check for water leakage.  
d) Install the system on reactor.  
e) Check for pressure release during reactor roof test. 

5.8 SPENT WASH COOLERS (H-801 A/B/C/D/E/F): 

a) Check the installation as per the drawings. 
b) Pass water from the cooling water header and also from spent wash header. 
c) Check for leakages. 
d) Check the valve inlet & outlet operations. 

5.9 COOLING TOWER (U-920): 

a) Check the installation as per the drawings. 
b) Check the operation as per the operating manual of the supplier.  
c) Fill the basin with water. 
d) Start the cooling water pumps and circulate the water in the cooling tower. 
e) Check for any leakages / defects in the main body of the cooling tower. Also 

check pipeline for any leakages. 
f) Start the air fan and check direction of rotation.     

5.7 SAFETY SYSTEMS ON REACTOR (Y-801 A/B/C):

a) Check the details as per the drawings. 
b) Fill the safety system with water. Close inlet valve & outlet valves.
c) Check for water leakage.  
d) Install the system on reactor.  
e) Check for pressure release during reactor roof test. 
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5.10 ECOMET-XT – REACTORS (R-801 A/B/C):

PRE HYDRO-TEST CHECKS-

1. VISUAL INSPECTION OF TANK FOUNDATION:

a) Completion of tank foundation & dimensions shall be checked as per the latest 
revised drawings of Foundation & Civil Load Data (CLD). Ring wall foundation 
shall be checked for any major/minor cracks, damages to the foundation, poor 
surfaces of concrete that implies bad workmanship or any other matter that will 
indicate a damaged work or faulty workmanship. Observations of the same 
shall be brought to the notice of concerned personnel and necessary 
rectification to be carried out. 

b) Hhydrotest shall not be carried-out unless until the above points of 
discrepancies are properly attended & resolved. 

c) Bitumen layer below the tank bottom plate shall be checked along the tank 
periphery. Bitumen layer shall be even, homogeneous and bottom plate shall 
be resting uniformly on the bitumen layer. Gaps/ damages/ any inadequacy in 
bitumen layer shall be brought to the notice of client & the same shall be get 
rectified before hydrotest. 

d) Completeness of tank fabrication shall be checked for completion of all welding 
work on bottom plate, shell to bottom plate joints, roof cone to shell joints and 
also the external attachments such as manhole, nozzles and draft tube 
attached to shell, bottom plate & roof cone. Completion of all these activities 
shall be certified by site incharge. 

2. DRAINING SYSTEM: 

a) Proper draining system shall be available before, during & after completion of 
hydrotest so that the large volume of water filled can be drained smoothly 
whenever required at desired reservoir / location. Water should not be allowed 
to be drained around Digester while emptying as it may damage the digester 
foundation. 

b) The drain gutter/ channel shall be of adequate size and drain outlet nozzle shall 
be free from any obstruction while draining to avoid any water stagnation, 
flooding the nearby operating areas. 
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3. GENERAL SAFETY / PRECAUTIONS:

a) Site HSE incharge shall clear testing of Digester after ensuring all HSE norms 
and use of personnel protective gadgets by all personnel’s. 

b) No activity other than that of hydrotest shall be allowed within 15 meters area 
from the digester tank wall. 

c) All electrical connections, welding earthing cable etc. must be removed from 
Digester before hydro testing. 

d) Proper security shall be ensured to restrict any unwanted movements / 
activities within the specified zone during the hydrotest till its successful 
completion. 

e) No welding / electrical activity shall be allowed which may form a potential 
cause for an accident. 

f) Only authorized persons from client, his Consultant & “PRAJ” side shall be 
allowed to witness the hydrotest of digester. Round the clock monitoring of 
testing shall be ensured by qualified personnel with emergency action plan 
ready. 

g) Digester safety system & PVRV shall be installed and the same shall be 
checked for proper functioning. Any blockages in the same shall be rectified 
prior to start of Hydro-test. 

4. PROCEDURE OF CARRYING OUT “HYDROTEST”: 

After ensuring above points and after obtaining clearance for starting hydrotest 
from project manager and HSE incharge, hydrotest shall be carried out as per 
procedure mentioned below: 

a) All nozzles on roof cone including manhole shall be fully opened.  Instructions 
shall be given to all persons for not closing the roof nozzles during the water 
fill-up. 

b) Water used for Hydro testing shall be clean and filtered without any 
contamination. 

3. GENERAL SAFETY / PRECAUTIONS:

a) Site HSE incharge shall clear testing of Digester after ensuring all HSE norms 
and use of personnel protective gadgets by all personnel’s.

b) No activity other than that of hydrotest shall be allowed within 15 meters area 
from the digester tank wall. 

c) All electrical connections, welding earthing cable etc. must be removed from
Digester before hydro testing.

d) Proper security shall be ensured to restrict any unwanted movements / 
activities within the specified zone during the hydrotest till its successful
completion.

e) No welding / electrical activity shall be allowed which may form a potential 
cause for an accident.

f) Only authorized persons from client, his Consultant & “PRAJ” side shall be
allowed to witness the hydrotest of digester. Round the clock monitoring of 
testing shall be ensured by qualified personnel with emergency action plan 
ready. 

g) Digester safety system & PVRV shall be installed and the same shall be 
checked for proper functioning. Any blockages in the same shall be rectified
prior to start of Hydro-test. 
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c)  Water fill-up of the tanks shall be carried out up to the maximum 25% of the 
tank shell height in first stage. Continuous observations shall be made during 
the water fill-up for any leakages, distortion on ovality of shell etc. Hydrotest 
shall be stopped immediately if any unnormalcy / leakages are observed. In 
such case complete water shall be drained and rectification shall be carried out 
to satisfaction of site engineer & project manager. Again water fill-up shall be 
carried out till 25% of the tank shell height. The tank and foundation shall be 
under observation for minimum 6 hours for the settlement of foundation & 
distribution of stresses. Readings of settlements shall be recorded. 

d) Second stage of water fill-up shall be carried out up to 50% of the tank shell 
height with similar procedure mentioned above with continuous monitoring, 
along with six hour observation. 

e) Third stage of water fill-up shall be carried out up to 75% of the tank shell 
height with similar procedure mentioned above with continuous monitoring, 
along with six hour observation. 

f) Fourth and final stage of water fill-up, till to 500 mm below the “roof to shell 
joint” shall be carried out as mentioned above. 

5. ROOF TESTING: 

a) Ensure all nozzle openings including manhole on roof shall be closed 
completely before roof testing. 

b) PVRV & Safety system shall be “set” for maximum opening pressure of 350 
mm water column and shall be tested for proper functioning. For additional 
safety manometer system shall be installed for knowing the exact pressure in 
dome portion. 

c) While pumping water to the tank for pressurizing air into the dome portion, one 
shall ensure Water level shall not be below shell to roof joint level. Continuous 
monitoring of pressure in the dome shall be checked by qualified / authorized 
observer stationed on the roof top. Pressure in the dome should not exceed 
350 mm water column as observed on manometer and safety system / PVRV. 
After stabilizing the pressure, roof joints and roof to shell joint shall be checked 
with soap sud for any leakages / weak joints. All such defective areas shall be 
marked with permanent marker for rectification. If any rectification / welding is 
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to be carriedout then water level of digester to be brought down to at least 1000 
mm below  the rectification level by draining out slowly to any reservoir/lagoon 
or facility provided by client after complete removal of pressure and opening of 
manhole and vent line. After rectification all above given procedure including 
dome pressurization to be repeated. 

Cautions: 

� Draining of water with out proper venting can cause collapse of tank due to 
creation of vacuum and so all care shall be taken for proper venting by opening 
manhole and checking proper operation of PVRV. 

� No welding / hot work shall be undertaken unless the water level is at least 
1000 mm below that point. 

� If there is no any a leakage or unforeseen problem, the pressure at the dome 
shall be retained for at least one hour and all the readings/ data to be recorded. 

� After the successful completion of hydrotest, all the external attachments 
provided on roof top including manholes, PVRV, safety system shall be fully 
opened and this is to be ensured by the site engineer, project manager or 
client’s representative. After opening all roof nozzles water is to be slowly 
drained to the reservoir/lagoon or any other storing/draining facility provided by 
client.

5.11 REACTOR MIXING SYSTEM: TOP ENTRY (A-801 A/B/C), SIDE ENTRY (A-
 802 A/B/C/D/E/F/G/H/I): 

a) Carry out checks as per the operating manual of top entry and side entry Mixers. 

5.12 GAS LINE LEAKAGES: 

a) Check all the openings of the gas stubs. 
b) Check all the flanged joints. 
c) Flush the gas lines with air. 
d) Ensure free airflow till the foam trap. 

5.13 REACTOR OUTLET: 

a) Ensure that water should pass freely. 

Cautions: 
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5.14 SAMPLING PORTS: 

a) Open each valve when Reactor is filled with water. 
b) Check the port / valve leakages. 

5.15 DEGASSING VESSEL (V-801 A/B/C): 

a) Check the details as per the drawings. 
b) Keep Parallel Plate Clarifier inlet valve closed and fill the degassing vessel with 

water. 
c) Check for water leakages. 
d) Start the Reactor feed pump. 
e) Allow overflow of reactor to flow to the Degassing Vessel. 
f) Ensure that the line should be free from debris. 
g) Operate the drain valve of Degassing Vessel. 
h) Ensure that water flows through this drain valve. 

5.16 PARALLEL PLATE CLARIFIER (S-801 A/B/C/D/E/F): 

a) Check the details as per the drawing. 
b) Open the parallel plate clarifier inlet valve and allow water to flow from degassing 

vessel to the clarifier. 
c) Fill the Parallel Plate Clarifier with water. 
d) Check for Leakages. 
e) Check the inlet and outlet line. 
f) Check the underflow line.  
g) Check the drain valve operation. 

5.17 SLUDGE RECYCLE PUMPS (P-802 A/B/C/D/E/F): 

a) Check as per the operating manual of pumps 

5.18 SLUDGE RECYCLE LINE INSTRUMENTS: 

a) Check the installations of the RTD’s, Temperature gauges, pressure gauges, 
Liquid flow meters, etc. as per the drawings. 

b) Do the electrical connections as per the manual. 
c) Check the proper indications 
d) Check the temperature indicators with regular thermometers. 
e) Check the liquid flow meters with zero flow rate when pump is off. 
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5.19 RETURN SLUDGE / EXCESS SLUDGE LINE: 

a) Start the pump and open the respective valves and see the flow. 

5.20 GAS HANDLING SYSTEM: 

5.20.1 Sediment Trap (V-802)- 

a) Check as per the drawings  
b) Fill the sediment trap with water 
c) Check the leakages. 
d) Check the drain valve. 
e) Do the soap test once the line is pressurized with air. 

5.20.2 Water seal type flare unit tank (V-803)- 

a) Check as per drawings 
b) Check the tank, gas inlet and outlet line. 
c) Fill the tank with water. 
d) Check for leakages. 
e) Check the drain line. 
f) Purge air through air compressor from inlet  
g) Manhole must be closed. 
h) Do the soap test and check the air leakages. 

5.20.3 Pressure Vacuum Relief Valve (Y-802)- 

a) Build up the desired pressure on PVRV. 
b) Check the air leakages. 
c) Lift the pressure disc and vacuum disc and see the free movements. 

5.20.4 Biogas Blower (B-801 A/B)- 

a) Check the details as per the manual. 
b) Take the dry run by opening suction and discharge. 
c) Check the recycle line of the Blower. 

5.20.5 Gas Flow meter (FM-801)- 

a) Check as the operating manual of the Flow meter. 



 
OPERATION   MANUAL 

 
PROJECT 

NO. CLIENT SECTION DOCUMENT NO. REV. 
NO. 

PAGE 
NO. 

ISSUE 
DATE 

D-08018 Khon Kean Alcohol 
Co. Ltd. 

Biomethanation 
Section D-08018-4-OPM-801 0 30 OF 69 03/06/2010 

CONFIDENTIAL THIS DOCUMENT IS THE PROPERTY OF PRAJ INDUSTRIES LTD., INDIA AND SHOULD NOT BE REPRODUCED WITHOUT 
WRITTEN CONSENT FROM,”PRAJ INDUSTRIES LTD, “PRAJ HOUSE”, BAVDHAN, PUNE 411021, INDIA 

5.20.6 Flare- 

a) Pass the air through the Blower and check the freeness of the flare line. 

5.20.7 Spark Ignition system- 

a) Start the spark Ignition system for proper sparking of electrode. 

5.21 MCC CUM CONTROL PANEL: 

a) Energize the control panel 
b) Check the panel as per the drawings. 
c) Check all the MCB’s, Contact relays etc in the MCC. 
d) Operate each and every motor from the MCC. 
e) Check the 8-point scanner in the control panel. 
f) Check for all the indications on the control panel. 
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6.0 START UP PROCEDURE 
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6.0 START UP PROCEDURE 

Refer P& I Diagram (D-08018 - 2 - PID 801 to D-08018 - 2 - PID 807 and D-08018 -
2 - PID 906).

Once the pre-commissioning checks are over, then the plant is ready to start. Please 
note that the stand by pumps & blowers are to be operated every alternate day. 

6.1 SPENT SETTLING TANK (T- 801): 

The settling tank has two compartments T-801 A/B both compartment of this tank will 
be operated in the following manner. This will help for proper sludge removal and 
simplicity of operation.

a) Fill the settling tank with Raw spent wash. 
b) Take the overflow of the settling tank to the overflow sump. 
c) Maintain the required Ph by adding lime as per Nutrient dosing tank operation. 
d) After neutralization feed to the digester. 
e) Remove the sludge from the bottom of the tank daily or optimize the draining 

frequency as per sludge deposition in the tank. 
f) Remove the sludge manually by draining all effluent to lagoon in long shutdown 

period. 

6.2 NUTRIENT DOSING TANK (T-802): 

a) Fill the Nutrient Dosing Tank with water. 
b) Start the agitator (A-803 ) 
c) Add the required quantity of Lime in the first compartment. 
d) The milk of lime will then flow to the second compartment and then to the sump pit 

of the spent wash settling tank (T-801) by gravity. 
e) Quantity of lime will be such that the pH of spent wash going to the Reactor will be 

in the range of 9 to 10. 
f) In the same tank Nutrients like DAP / Urea will be added in the first compartment 

when and as required. 
g) Start the Agitator A-803 
h) The Nutrient solution will then flow to the second compartment and then to the 

sump pit of the spent wash settling tank (T-801) by gravity. 
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6.3 PRIMING POT (T- 803A/B/C), REACTOR FEED PUMP (P-801A/B/C/D/E/F): 

a) Fill water in all the priming pots. 
b) A set of Three  will be in operation for Reactor, i.e. T-803A +P-801A/D/E will be in 

operation for R-801 A / B / C 

6.4 BIO REACTOR (R-801 A/B/C): 

a) Keep vent valve (N-09) open to atmosphere. 
b) Close the main valve (N-12) on the biogas line from Reactor to biogas blower. 
c) Fill reactor with water to approximately 3 to 4 m level. Keep all reactor drain valves 

(N24- N35) & bottom manhole (M1) close. 
d) Start lateral Agitators (A-802 A/B/D/E/G/H). 
e) Bring about 2800 to 3000 m3 active seed sludge from other Biogas plant and 

unload to the Reactor. 
f) The sludge can be unloaded in the suction pit of spent wash settling tank (T-801) 

from where is can be pumped to the Reactors (R-801 A/B/C) through P-801 
A/B/C/D/E/F. 

g) Add around 50 m3 spent wash to the reactors with the help of feed pumps (P-801 
A/B/C/D/E/F) at 36 to 38 OC temperature and pH in the range 9 to 10. 

h) Reaction inside reactor may start within next 48 hrs. Do not feed reactor during 
this period. Sample testing to be done twice in each shift. Samples to be taken 
from the sample points on the Reactor (N-16 to N20). 

i) Maintain the temperature of the Biomass in the Reactor between 36 to 38 OC and 
pH between 7.2 to 7.6 

j) When all parameters are stabilized, again feed 50 m3 spent wash to the reactor 
with pH 8 to 9.   

k) Maintain the parameters of reactor content. Take samples from various sampling 
points provided on reactor. 

l) When all the parameters are stabilized, again add 50 m3 spent wash of pH 7 to 8. 
Repeat the above procedure till the all parameters of reactor content are stabilized 
with 50 m3/day spent wash at actual pH i.e. 4 to 5. 

m) Increase the quantity of spent wash gradually in the above manner and stabilize 
the parameters of reactor content. 

n) The rate of increase in feedings and approximate stabilization period for each 
Reactor is given as under: 
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LOADING % FEED RATE (EACH REACTOR) 
M3/day 

APPROX. 
STABILIZATION 

PERIOD 

5 150 1st week 

8 200 2nd week 

10 250 3rd week 

15 350 4th week 

25 600 5th week 

35 850 6th week 

45 1100 7th week 

55 1350 8th week 

65 1600 9th week 

75 1850 10th week 

90 2200 11th week 

100 2450 12th week 

o) Start Central Agitator (A-801 A/B/C) only after overflow start coming from the 
reactor. 

p) When the spent wash feed reached to 5 m3/hr, it is expected to have sufficient 
biogas production. Close the vent valve (N-9) on roof top and open the valve on 
gas line (N-12). Biogas pipeline, header etc. will get flushed with gas to remove air 
from the system. 

q) When the level reaches the overflow point (N14 A-D), the treated effluent will start 
flowing to degassing vessel through overflow points.  

6.5 DEGASIFYING VESSEL (V-801 A/B/C) & PARALLEL PLATE CLARIFIER (S-
 801 A/B/C/D/E/F): 

a) The overflow from the reactors flows to the degasifying vessel (V-801 A/B/C) by 
gravity. The entrapped gases in the effluent escape from the top of this vessel.  

b) The underflow from the degasifying vessel will then flow to the Parallel Plate 
clarifiers    (S-801 A/B/C/D/E/F). Allow the Parallel Plate Clarifier to fill totally. 

c) Start the sludge recycle pump (P-802 A/B/C/D/E/F) only after the Parallel Plate 
Clarifier starts overflowing.   
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d) Maintain the sludge recycling flow 1.5 - 2 times to that of raw spent wash feed 
flow.  

e) Treated effluent from Reactor equal to raw spent wash feed rate should overflow 
from Parallel Plate Clarifier. 

f) The treated effluent from underflow of Parallel Plate Clarifier (S-801A/B/C/D/E/F) is 
pumped back to the respective bioreactors (R-801 A/B/C) with the help of 
respective Sludge recycle pumps (P-802 A/B/C/D/E/F). 

g) The overflow from Parallel Plate Clarifiers flow by gravity for further treatment / 
storage. 

6.6 SPEED OF CENTRAL AGITATOR (A-801 A/B/C) & LATERAL AGITATOR    
 (A-802 A/B/C/D/E/F): 

a) At the starting, keep the Central Agitator (A-801 A/B/C) at low speed i.e. at 30 rpm. 
b) Lateral Agitator (A-802 A/B/C/D/E/F) continues to operate at its fixed speed. 

6.7 REACTOR OPERATING PARAMETERS: 

a) Reactor pH should be  : 6.9 to 7.7 
b) COD Reduction   : 65 + 5%   
c) Temperature   : 36 OC to 40OC
d) Volatile Acids   : 2,000 to 8,000 mg/L 
e) Alkalinity    : 6,000 to 20,000 mg/L 
f) VA : Alkalinity Ratio  : 1:2.5 to 1:3  

Note:

� Above parameters are based on experience. However the best parameters for 
each case may differ and will be established during commissioning of biogas plant. 

� Stop adding Limewater in the feed and monitor feed flow and recycles such that 
Reactor pH never come below 6.9.  

6.8 GAS HANDLING AND UTILIZATION:

6.8.1 SEDIMENT TRAP (V-802 A/B): 

a) The biogas from the digester flows to the biogas blower through sediment trap  
(V-802). 
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b) The moisture & sediment particles are partially retained in this sediment trap. The 
drain with a water seal arrangement is kept open always to drain the excess 
water from gas. 

6.8.2 FLARE (Y-806):

a) The initial gas generation in the reactor should be send to the Flare (Y-806) from 
the gas Header. 

b) This gas should be vented or flared in the flare. 
c) This gas ignites through igniter manually (spark ignition system). 

6.8.3 BIOGAS HANDLING & SAFETY: 

a) In case the gas is going to boiler then always ensure that there is fire / flame in the 
Boiler before taking gas in the Furnace. Do not take biogas in a Cold Boiler. 

b) Follow all safety precautions for biogas, similar to the usage of natural gas / LPG 
as fuel. 

c) Plant should be operated by trained, qualified and experienced operation / 
maintenance personnel only. 

d) Biogas may explode and cause serious fire if ignited. Hence smoking, welding, gas 
cutting, electrical spark or open flame is NOT ALLOWED once commissioning 
activity has been started in the biogas plant 

e) Biogas may cause breathing trouble and can cause fatal accident if inhaled in 
large quantity. Hence avoid inhaling of biogas, whenever near manhole, vent, 
drain or any leakage point. Use gas mask and contact Doctor in case of 
emergency. 

f) Study and follow the detailed operating / maintenance instruction provided by each 
equipment manufacturer / supplier and as mentioned in the process manual. 

6.9 FLOW MEASUREMENT: 

Following flow meters are provided in different piping circuits to measure flow: 

a) Magnetic flow meter for spent wash feed to reactor. 
b) Magnetic flow meter for sludge recycling from parallel plate clarifier to reactor. 
c) Mass flow meter for biogas supply from  Reactor gas dome to boiler. 

6.8.3 BIOGAS HANDLING & SAFETY:

a) In case the gas is going to boiler then always ensure that there is fire / flame in the 
Boiler before taking gas in the Furnace. Do not take biogas in a Cold Boiler.

b) Follow all safety precautions for biogas, similar to the usage of natural gas / LPG 
as fuel.

c) Plant should be operated by trained, qualified and experienced operation / 
maintenance personnel only. 

d) Biogas may explode and cause serious fire if ignited. Hence smoking, welding, gas 
cutting, electrical spark or open flame is NOT ALLOWED once commissioning
activity has been started in the biogas plant 

e) Biogas may cause breathing trouble and can cause fatal accident if inhaled in
large quantity. Hence avoid inhaling of biogas, whenever near manhole, vent,
drain or any leakage point. Use gas mask and contact Doctor in case of 
emergency. 

f) Study and follow the detailed operating / maintenance instruction provided by each
equipment manufacturer / supplier and as mentioned in the process manual. 
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6.10 TEMPERATURE MEASUREMENT: 

Temperature indicators are provided in different piping circuits to measure 
temperature: 

a) Spent wash feed temperature before PHE 
b) Spent wash feed temperature after PHE 
c) Reactor temperature 
d) Cooling water inlet / outlet temperature 

6.11 PRESSURE MEASUREMENT: 

Pressure indicators are provided to measure pressure at following points: 

a) Spent wash feed pump outlet 
b) Reactor top 
c) Biogas blower outlet 
d) Sludge recycle pump outlet 

6.12 START UP AFTER SHORT SHUT DOWN:

a) Switch ON Power supply to MCC / Control panel. 
b) Close the valve on settling tank spent wash bypass line, start to get spent wash in 

the settling tank, T-801 A /B. 
c) Start the spent wash feed pumps P- 801 A/B/C/D/E/F. 
d) Open the pump discharge valve. 
e) Take the PHE on line. 
f) Close the vent valves of reactors R-801 A/B/C. 
g) Start continuous flow of water to the water seal type PVRV (Y-801A/B/C) provided 

above the reactors..
h) Start sludge recycling pumps (P-802A/B/C/D/E/F) of parallel plate clarifier (S-

801A/B/C/D/E/F). 
i) Adjust the required flow for spent wash & sludge recycle. 
j) Inform the boiler operator about starting the gas blower within few minutes. 

Accordingly he will make changes in fuel feed and other necessary requirements 
at boiler. 

k) After getting sufficient pressure in biodigester start the blower B- 801A or B.  
l) Watch and analyze/ operate every parameter as per normal condition of the plant. 
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Note:

� Before start up of every pump, open the suction valve of the pump, start the pump 
& then open the discharge valve of the pump. Do not throttle the suction valve of 
pump. 

6.13 START UP AFTER LONG SHUT DOWN:

a) Check and confirm all points as per start up checklist.  
b) Check for spent wash availability at specified parameters. 
c) Start the spent wash flow as per initial start up procedure, section 7.3 
d) Check or turn on seal water to each pump. 
e) Turn ON power supply to MCC /Control Panel. 
f) Start cooling water of the PHE.  
g) (DO NOT OPERATE PUMP WITH DRY RUN). 
h) Allow system pressure to stabilize. 
i) The temperature at the inlet and outlet of PHE is monitored. 
j) Check that all operating parameters are as per their given requirement. 
k) Start the sealing water to the PVRV Y-801 A/B. 
l) Inform the boiler operator about start up the gas blower B-801 A or B. 
m) Start the blower B- 801 A or B. 
n) Regularize the gas, spent wash, sludge Recirculation flow. 
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7.0 SHUT DOWN PROCEDURE 

7.1 SHORT SHUT DOWN 
7.2 LONG SHUT DOWN 
7.3 LONG SHUT DOWN FOR MAINTENANCE 

7.4 EMERGENCY SHUT DOWN 
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7.0 SHUT DOWN PROCEDURE 

7.1 SHORT SHUT DOWN: 

1. Stop spent wash supply from distillation section. 
2. Stop sludge Recirculation pump, P-802 A / B / C / D / E / F, whichever is in running 

mode. 
3. Stop gas blower B-801 A/B. 
4. Open the gas flare valve and start the gas flaring in flare unit. 
5. Switch off electrical supply of electrical panel board.  
6. Slowly system will come to atmospheric pressure. 
7. Based on the estimated shut down period, close other utilities like sealing water, 

cooling water, Antifoam agent etc. 

Note: 

� Before closing any pump of bio gas plant please shut off discharge valve of 
concern pump & then shut off the pump.   

7.2 LONG SHUT DOWN: 

1. In shutdown mode, spent wash from distillation section has to be stopped and stop 
spent wash feed pump. 

2. Stop cooling water pumps (P-920 A/B) 
3. Stop cooling tower operation  
4. Stop sludge Recirculation pump P-802 A / B / C / D / E / F, whichever is in running 

mode. 
5. Stop biogas supply to boiler by stopping gas blower B-801 A/B. 
6. Stop water supply to the PVRV Y-801 A/B/C. 
7. Open the vent valve of the reactors.  
8. Slowly system will come to atmospheric pressure. 
9. Switch OFF power supply to MCC/ Control panel. 

7.3 LONG SHUTDOWN STOPPAGE FOR MAINTENANCE ON REACTOR: 

1. Stop spent wash pump (P-801 A/B/C/D/E/F) and stop feed to the reactor. Close 
pump discharge valve. 

2. Stop sludge recycle pumps (P-802 A/B/C/D/E/F) and close pump discharge 
valve. 
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3. Stop central agitators. (A-801 A/B/C) for R-801 A/B/C. 
4. Stop lateral agitators (A-802 A/B/C/D/E/F/G/H/I) for R-801 A/B/C, after 24 hrs of 

stopping central agitator (A-801 A/B/C). 
5. Open vent valve on reactor top. Close gas outlet valve. 
6. Open manhole cover after 24 hours of opening vent valve and allow gas to be 

vented from vent. Protect open manhole with wire net cover to avoid accident 
due to open manhole. 

7. Provide sufficient light / illumination on reactor top with flameproof lighting 
system. 

8. Allow all active biomass to settle in reactor (R-801 A/B/C) bottom for 72 Hrs. (3 
days) after stopping all agitators, i.e. A-801 A/B/C & A-802 A/B/C/D/E/F/G/H/I. 

9. Drain extra fluid in reactor above 2 m height from bottom, through sampling 
nozzles and with the help of nozzle provided on shell for this purpose. 

10. Control the speed of draining the reactor; such that fall in liquid level is not more 
than 2 meters per day. Fast draining may cause vacuum in Reactor and roof may 
collapse. 

11. Stop water supply to pressure cum vacuum release system (PVRV) Y-801 A/B/C 
on reactor top. Drain water from Y801A/B/C system and allow air inlet through Y-
801 A/B/C system. In addition keep vent valve and reactor top manhole open 
during draining the reactor. 

12. Drain the settled sludge at reactor bottom with the help of reactor drains. If 
possible, store this sludge as the same can be used for re commissioning of 
reactor. 

13. Biomass should be preserved in a clean pit for reuse after repair to the reactors. 
14. After draining the reactor, fill the reactor with clean water slowly and flush the 

reactor by filling and emptying the reactor twice or at least once. 
15. Avoid sudden / fast filling and emptying of the reactor as it may cause undue 

heavy load on foundation and on welding and steel structure / shell of reactor. 
16. Entire operation of emptying and cleaning may take 40 days approx. 
17. After ensuring that the reactor is cleaned of its gaseous and liquid effluent, open 

the reactor bottom manhole and all drain / sludge valves. 
18. Provide high capacity exhaust fan at reactor top manhole to remove any traces 

of biogas inside the reactor. Keeps the fan running for at least 24 Hrs. before 
anybody is allowed to go inside the empty reactor. A high capacity pedestal fan 
also can be used at the bottom manhole to evaluate foul gases. 

19. All valves, manholes vents on reactor shall remain open through out the 
maintenance / rectification period. Fresh air should be blown into the reactor 
constantly when cleaning personnel are inside the reactor so that they will not 
inhale foul gases. Cleaning should be done under proper supervision. In case of 
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any problem to the worker (s), he must be immediately taken to the doctor for 
proper treatment. 

20. Entire maintenance work should be planed in advance by a qualified and 
experience engineer. The workmen should be trained and explained the method 
of work and risk involved in working at biogas plant. Only trained workmen 
should be employed at biogas plant for maintenance work. 

21. A competent trained, qualified experienced supervisor / maintenance engineer 
must be present through out at site when maintenance work is going on at 
biogas plant site. 

22. Biogas is easily flammable gas and shall catch fire and may cause explosion if 
ignited in confined space, resulting in serious accident and cause damage to 
plant and loss of life hence, extreme care is required to do any maintenance 
work in bio gas plant. 

23. No welding, cutting, electrical spark, open flame, smoking is allowed in biogas 
plant when it is in operating condition or in filled condition and in presence of 
biogas any where near the area where maintenance work is planned to be 
carried out. 

24. Ensure that reactor, degassing vessel, parallel plate clarifier, connecting pipe, 
valves and other equipment are empty and cleaned and all traces of bio-gas are 
removed before starting any welding / cutting and such maintenance work in bio-
gas plant. 

25. Arrange all safety precautions, fire fighting facilities, gas mask, medical facilities, 
first aid boxes, doctor on call, during maintenance period for biogas plant. 

26. Remove / disconnect electrical connections / cables from lateral / central agitator 
on biogas plant and ensure that no electrical connection / continuity is available 
to the reactor body. 

27. Reactor body should be properly earthed before starting any welding work on 
reactor. 

28. Mark the area to be repaired. Carry out visual inspection for defects. Take notes 
and keep written record of type, size, for length, area, location of defect and 
make detailed plan for replacement/ repair to the defected area / part. 

29. Consult our original drawings / design before starting any repair. Do not carry out 
any structural changes without consulting concern persons. 

30. Prepare detailed scheme for cutting, welding, v – preparation, replacement plate 
preparation etc. before doing any repairs. Use material, electrodes, plates, and 
structures identical to original material only, for repairs / replacement. 

31. Carry out necessary inspections like x-ray, magnetic particle test, dye- 
penetration test, etc to ensure good quality of welding work. 
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32. Entire maintenance work should be carried out under supervision of competent 
maintenance engineer. 

33. Hydraulic testing should be carried out as per usual practice after completion of 
work. 

34. Restarting of the plant should be done as per usual / standard procedure after 
successful hydraulic test. 

35. If defect is still noticed during hydraulic test, it must be rectified before restarting 
the plant. Above-mentioned total procedure should be followed for repairing of 
defects.

36. General standard and safe engineering practices should be used during total 
maintenance/ repair work. Above-mentioned details/ procedure are for general 
guidelines. 

37. Please contact PRAJ INDUSTRIES LIMITED PUNE / equipment manufacturers 
for any further details about operation / maintenance on biogas plant and in case 
of doubts. 

7.4 EMERGENCY SHUT DOWN: 

7.4.1 DUE TO POWER FAILURE: 

a) Restart the plant as per procedure when power available. 

7.4.2 DUE TO EQUIPMENT / INSTRUMENT FAILURE:

a) Check and analyze the problem related to equipment / instrument. 
b) Check for expected shut down period and follow the instructions according to short 

or long shut down procedure mentioned in this manual. 
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8.0 OPERATING PARAMETERS 

8.1 RAW SPENT WASH pH 
8.2 CHEMICAL OXYGEN DEMAND 
8.3 BIOCHEMICAL OXYGEN DEMAND 
8.4 PRESENCE OF TOXICANTS 

8.5 TOXICITY TO METHANOGENS 
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8.0 OPERATING PARAMETERS 

8.1 RAW SPENT WASH pH:  

The pH of influent plays very important role, as the treatment process is a 
biological. The sludge contains the biomass, which carry out the digestion of 
organic compounds present in influent. The various bacteria present in sludge 
are very susceptible to highly acidic or alkaline nature of influent. Hence the pH 
in the ECOMET - XT should always be near neutral. 

8.2 CHEMICAL OXYGEN DEMAND (COD): 

COD value of the influent should be in the specific range, for which the plant is 
designed. Fluctuations in COD will lead to shock loading to the bacteria in the 
reactor. 

8.3 BIOCHEMICAL OXYGEN DEMAND (BOD): 

The BOD value of the inlet to all Biological units should not have more 
fluctuations. The loading in all units should be increased usually based on the 
BOD loading rate. 

8.4 PRESENCE OF ORGANIC / INORGANIC SOLVENTS / CHLORINE 
 TOXICANTS / AOX / EOX: 

Organic / inorganic solvents will affect on microbiological activity of reactor. 
Hence the toxicants such as pyridine, xylene, toluene, chlorine etc, should not 
enter the system. 

8.5 TOXICITY TO METHANOGENS: 

Methanogens are very sensitive to the salts of sodium, Potassium, Calcium & 
Magnesium. Toxicity effect is highly dependent on concentration and type of 
material present in the treatment process. 
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PARAMETERS 
TOLERABLE 

LEVELS 
(mg/L)

MODERATELY 
INHIBITORY 

(mg/L)

STRONGLY 
INHIBITORY 

(mg/L)

Chlorides 3000 3500 - 4000 8000 

Nitrates 450 450 - 500 800 

Sulfates 3000 3500 - 5000 9000 

Sulfides 200 250 - 300 600 

Potassium 1000 - 1500 2000 - 2500 10000 

Sodium 2500 - 3000 3500 - 4500 8000 

Calcium 2000 - 2200 2500 - 4000 8500 

Magnesium 1000 1200 - 1500 3000 

Ammonia – N 1500 2000 - 3000 4000 

pH 6 - 8.5 < 6 & > 8.5 < 5 & > 9 

Volatile fatty acids 2000 - 6000 7000 - 7500 > 10000 
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9.0 TROUBLE SHOOTING 
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9.0 TROUBLE SHOOTING 

PROCESS FAULT FINDING CHART 

NO. PROBLEM CAUSE REMEDY 
1. Reactor 

temperature 
increases 

� Raw effluent temperature 
may be high 

� Check the Cooling water 
inlet / outlet temperature 

   � Cooling water outlet temp 
should be lower 

2. Reactor pH lower � Raw effluent pH may be 
lower 

� Correct pH with neutralizing 
agent

� Volatile Acids may have 
increased in the reactor 

� Add neutralizing agent in 
spent wash. If require 
reduce the feed 

3. Reactor VFA: 
Alkalinity ratio is 
higher. 

� Low pH of reactor. � Check the reactor pH 

� Due to less biomass in the 
reactor. 

� Check the reactor biomass. 

� High / low  reactor 
temperature. 

� Check the reactor 
temperature. 

� Due to high solids 
discharge from parallel 
plate clarifier 

� Check parallel plate clarifier 
outlet TSS. 

� Due to high yeast sludge 
feeding to the reactor. 

� Check the yeast settling in 
settling tank & clean it. 
Avoid the yeast sludge 
feeding to reactor. 

� Due to organic shocks 
loading. 

� Reduce the spent wash 
feeding to reactor. 

   � Keep the reactor on 
Recirculation and agitation 
for some days without spent 
wash feeding 

   � Start only Limewater whose 
pH is around 10 to 12. 

   � Start lime water with some 
spent wash 
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NO. PROBLEM CAUSE REMEDY 
4. Reactor outlet 

solids higher 
� Feed flow may be higher � Check desired flow rate & 

control it 
� Reactor may contain 

high TSS 
� Reduce inlet TSS by 

proper operation of 
settling tank 

� Sludge quantity may 
have increased. 

� Drain excess sludge 
through reactor drain 
points 

5. Reactor Outlet 
COD higher 

� Raw effluent COD may 
be higher 

� Check inlet COD & 
reduce the feed to match 
the organic load. 

� Flow rate may be higher � Check LFM rate & control 
the feed. 

� Sludge activity may be 
lower

� Check sludge 
characteristics. Add extra 
active sludge if required. 

� Sludge washout from 
reactor 

� Check outlet TSS & 
control the same by 
intermittent shut down of 
agitators. 

   � Check performance of 
parallel plate clarifier. 

� Sludge quantity may be 
reduced 

� Check sludge profile of 
the reactor. 

6. Low liquid 
throughput. 

� Restriction in the feed 
product lines. 

� Check feed and product 
line for blockage. 

   � Check all pumps for 
correct rotation and 
suction line leaks 

   � Check pump impeller for 
presence of foreign 
matter

7. Suddenly low gas 
flow form reactor. 

� Due to release of PVRV 
Y801 A/B. 

� Check PVRV water seal 

� Water accumulation in 
sediment trap V-802 
A/B/C 

� Drain water from 
sediment trap 
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10.0 SAFETY DATA SHEET 

10.1 SAFETY PRECAUTIONS AT BIOGAS PLANT 
10.2 SAFETY PRECAUTIONS FOR USE OF BIOGAS IN BOILER 
10.3 SAFETY PRECAUTIONS FOR GOING ON TOP OF 

REACTOR 



 
OPERATION   MANUAL 

 
PROJECT 

NO. CLIENT SECTION DOCUMENT NO. REV. 
NO. 

PAGE 
NO. 

ISSUE 
DATE 

D-08018 Khon Kean Alcohol 
Co. Ltd. 

Biomethanation 
Section D-08018-4-OPM-801 0 51 OF 69 03/06/2010 

CONFIDENTIAL THIS DOCUMENT IS THE PROPERTY OF PRAJ INDUSTRIES LTD., INDIA AND SHOULD NOT BE REPRODUCED WITHOUT 
WRITTEN CONSENT FROM,”PRAJ INDUSTRIES LTD, “PRAJ HOUSE”, BAVDHAN, PUNE 411021, INDIA 

10.0 SAFETY DATA SHEET FOR BIOGAS 

10.1 INTRODUCTION:

Biogas is a flammable gas, containing 50 - 60% CH4, 35 - 45% CO2, 2 - 3% 
H2S and traces of moisture. The gas is lighter than air and hence escapes into 
atmosphere. When leaks it easily mixes with atmospheric air to make lean 
mixture, which is not hazardous unless concentration is more than 5% (by 
volume in air). 

10.2 USES AND APPLICATIONS:

Biogas is generated by decomposition of organic waste. It can be either used 
as gaseous fuel in boiler furnace or can be fired in gas engine after removal of 
H2S.

10.3 HEALTH HAZARDS:

Biogas if inhaled can cause immediate breathing trouble, due to presence of 
H2S and CO2 gas, which are sour & poisoned gases. It may be fatal if inhaled 
in larger quantity and for a larger period. Over inhalation may result in 
respiratory discomfort, depression in central nervous system, lungs and brain 
damage. It may be fatal if inhaled for long time (more than10 - 15 minutes). 

10.4 GAS DETECTION:

Human nose is the best and most reliable mobile gas leakage detector. 
Presence of rotten egg foul odor/ smell in surrounding atmosphere is indication 
of biogas leak. For exact percentage of gas detection should be maintained 
regularly to keep them always in working condition. 

10.5 PERSONAL PROTECTION:

Protective breathing apparatus gas mask with zencoal filter or oxygen supply 
breathing facemasks should be used when working in biogas area. Respiratory 
protection is necessary for persons entering vessels and confined szaaces, 
where biogas is executed. Preferably no person should enter the tank/ vessel 
or confined spaces; unless complete executor of biogas is ensured and proper 
exhaust fan is provided for continuous ventilation of the confined space. 

10.0 SAFETY DATA SHEET FOR BIOGAS 

10.1 INTRODUCTION:

Biogas is a flammable gas, containing 50 - 60% CH4, 35 - 45% CO2, 2 - 3% 
H2S and traces of moisture. The gas is lighter than air and hence escapes into 
atmosphere. When leaks it easily mixes with atmospheric air to make lean
mixture, which is not hazardous unless concentration is more than 5% (by
volume in air).

10.2 USES AND APPLICATIONS:

Biogas is generated by decomposition of organic waste. It can be either used
as gaseous fuel in boiler furnace or can be fired in gas engine after removal of 
H2S.

10.3 HEALTH HAZARDS:

Biogas if inhaled can cause immediate breathing trouble, due to presence of 
H2S and CO2 gas, which are sour & poisoned gases. It may be fatal if inhaled 
in larger quantity and for a larger period. Over inhalation may result in
respiratory discomfort, depression in central nervous system, lungs and brain 
damage. It may be fatal if inhaled for long time (more than10 - 15 minutes).

10.4 GAS DETECTION:

Human nose is the best and most reliable mobile gas leakage detector. 
Presence of rotten egg foul odor/ smell in surrounding atmosphere is indication
of biogas leak. For exact percentage of gas detection should be maintained
regularly to keep them always in working condition.

10.5 PERSONAL PROTECTION:

Protective breathing apparatus gas mask with zencoal filter or oxygen supply
breathing facemasks should be used when working in biogas area. Respiratory
protection is necessary for persons entering vessels and confined szaaces,
where biogas is executed. Preferably no person should enter the tank/ vessel
or confined spaces; unless complete executor of biogas is ensured and proper 
exhaust fan is provided for continuous ventilation of the confined space. 
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10.6 FIRST AID: 

10.6.1 EYE PROTECTION:

Remove any contact lens, spectacles at once. Flush eyes well with copious 
amount of water for 15 - 20 minutes. Seek medical attention. 

10.6.2 SKIN PROTECTION:

Flush with water. Remove contaminated clothing and wash under running 
water stream, use soap to wash skin and to remove deposition if any. 

10.6.3 BREATHING PROTECTION:

Leave contaminated area quickly and breathe fresh air. If breathing difficulty is 
evident, provide oxygen breathing under medical supervision. Use simple wet 
cloth to cover nose in case of mild leaks. Avoid staying in biogas leakage 
areas. 

10.7 FIRE AND EXPLOSION HAZARD: 

Biogas is an easily flammable gas. It is lighter than air and mixes easily with 
atmospheric air and normally fire hazards are less unless biogas concentration 
in air is more than 5% it can cause severe explosion ignited in confined space. 
Proper continuous ventilation / exhaust of confined space is essential to avoid 
fire/ explosion. No open flame, welding gas cutting, smoking etc should be 
allowed in biogas area and/ or near the tank where biogas is present. 

10.7.1 FIRE FIGHTING: 

Gas fires are difficult to fight and normally an explosion is always associated 
with gas fires in confined space. Prevention is the only best cure for gas fires 
explosion. In case, if very small leak or fire take place, foam dry power, CO2

are suitable to extinguish fire. Continuous spray of water to keep vessel/ 
surroundings cool is help full in stopping spread of fire. Only trained personal 
using necessary protection equipment should enter gas leak/ fire area for fire 
fighting. SO2 gas produced during burning of H2S in biogas may cause fatal 
accident if breathed during fire fighting. Use of gas mask is must during fire 
fighting. 

10.6 FIRST AID:

10.6.1 EYE PROTECTION:

Remove any contact lens, spectacles at once. Flush eyes well with copious
amount of water for 15 - 20 minutes. Seek medical attention.

10.6.2 SKIN PROTECTION:

Flush with water. Remove contaminated clothing and wash under running 
water stream, use soap to wash skin and to remove deposition if any. 

10.6.3 BREATHING PROTECTION:

Leave contaminated area quickly and breathe fresh air. If breathing difficulty is
evident, provide oxygen breathing under medical supervision. Use simple wet 
cloth to cover nose in case of mild leaks. Avoid staying in biogas leakage
areas. 

10.7 FIRE AND EXPLOSION HAZARD:

Biogas is an easily flammable gas. It is lighter than air and mixes easily with 
atmospheric air and normally fire hazards are less unless biogas concentration
in air is more than 5% it can cause severe explosion ignited in confined space.
Proper continuous ventilation / exhaust of confined space is essential to avoid 
fire/ explosion. No open flame, welding gas cutting, smoking etc should be
allowed in biogas area and/ or near the tank where biogas is present. 

10.7.1 FIRE FIGHTING:

Gas fires are difficult to fight and normally an explosion is always associated
with gas fires in confined space. Prevention is the only best cure for gas fires
explosion. In case, if very small leak or fire take place, foam dry power, CO2

are suitable to extinguish fire. Continuous spray of water to keep vessel/ 
surroundings cool is help full in stopping spread of fire. Only trained personal
using necessary protection equipment should enter gas leak/ fire area for fire 
fighting. SO2 gas produced during burning of H2S in biogas may cause fatal 
accident if breathed during fire fighting. Use of gas mask is must during fire
fighting. 
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10.7.2 RECOMMENDED HANDLING PRACTICES: 

Biogas should preferably be stored in digester gas dome up to 300 mmwc 
pressure & always monitor digester pressure and gas flow to the boiler/engine. 
The area should be free from ignition, open flame, electrical circuitry etc.  

10.7.3 HANDLING OF LEAKS: 

For small leakage, providing sufficient ventilation and exhaust of the area may 
be sufficient. For large leakages evacuation of the area is immediately 
required. No person or living being should remain in gas leak area. Isolating 
valve at the source of leak must immediately be closed. Only authorized, 
educated and trained personnel should be allowed to enter gas - lead area, 
that too with proper breathing apparatus (gas mask) to handle the leak. 
Stopping the source of leak and proper ventilation are simplest methods to 
handle biogas leakage. No open flame should be allowed in gas leak area. 

10.7.4 MEDICAL SURVEILLANCE: 

A person who has breathed biogas should be moved to fresh air open space. 
Oxygen breathing should be provided under medical supervision. Irritation in 
eyes, breathing, lungs and brain damage in actuate cases are due to long 
exposure to gas. Damage to wind pipe, throat lungs, eyes, brain may be 
expected due to presence of sulphurous gas H2S present in biogas. 

10.7.5 AREA PROTECTION: 

Entire biogas plant area should be isolated by a boundary wall / barbed wire 
fencing and only authorized/ trained persons should allow to go in. 

10.7.2 RECOMMENDED HANDLING PRACTICES: 

Biogas should preferably be stored in digester gas dome up to 300 mmwc 
pressure & always monitor digester pressure and gas flow to the boiler/engine.
The area should be free from ignition, open flame, electrical circuitry etc.  

10.7.3 HANDLING OF LEAKS: 

For small leakage, providing sufficient ventilation and exhaust of the area may
be sufficient. For large leakages evacuation of the area is immediately 
required. No person or living being should remain in gas leak area. Isolating
valve at the source of leak must immediately be closed. Only authorized, 
educated and trained personnel should be allowed to enter gas - lead area, 
that too with proper breathing apparatus (gas mask) to handle the leak. 
Stopping the source of leak and proper ventilation are simplest methods to
handle biogas leakage. No open flame should be allowed in gas leak area. 

10.7.4 MEDICAL SURVEILLANCE:

A person who has breathed biogas should be moved to fresh air open space.
Oxygen breathing should be provided under medical supervision. Irritation in
eyes, breathing, lungs and brain damage in actuate cases are due to long 
exposure to gas. Damage to wind pipe, throat lungs, eyes, brain may be 
expected due to presence of sulphurous gas H2S present in biogas.

10.7.5 AREA PROTECTION:

Entire biogas plant area should be isolated by a boundary wall / barbed wire
fencing and only authorized/ trained persons should allow to go in. 
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10.7.6 PROPERTIES OF BIOGAS: 

SR.
NO. PARTICULARS VALUES 

1 Color Colorless gas 

2 Composition Methane (CH4) : 50 - 65% v/v 

  Carbon ioxide (CO2) : 35 - 40% v/v 

  Hydrogen sulfide (H2S) : up to 3% v/v 

  Water Vapor / Moisture: Traces. 

3 Odor Rotten egg smell 

4 Specific gravity 0.89 of air 

5 Explosive limit 5-10% by volume 

6 Threshold limit value 5% (by volume in air) 

7 Immediate danger to life & 
health IDLH) 10-15 % (by volume) 

8 Reactivity Very mild 

9 Solubility Insoluble in water Co2 portion gets 
absorbed in alkaline caustic solution. 

10 Calorific value 4800 Kcal/ Nm3 (APPROX.) 

11 Flammability Easily flammable and explosion occurs if 
ignited in confined space. 

10.7.6 PROPERTIES OF BIOGAS:

SR. PARTICULARS VALUESNO.

1 Color Colorless gas

2 Composition Methane (CH4) : 50 - 65% v/v

Carbon ioxide (CO2) : 35 - 40% v/v 

Hydrogen sulfide (H2S) : up to 3% v/v 

Water Vapor / Moisture: Traces.

3 Odor Rotten egg smell

4 Specific gravity 0.89 of air 

5 Explosive limit 5-10% by volume

6 Threshold limit value 5% (by volume in air) 

Immediate danger to life &7 10-15 % (by volume)health IDLH)

8 Reactivity Very mild 

Insoluble in water Co2 portion gets 9 Solubility p
absorbed in alkaline caustic solution. 

Nm310 Calorific value 4800 Kcal/ (APPROX.) 

Easily flammable and explosion occurs if 11 Flammability y
ignited in confined space. 
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10.7.7 PROPERTIES OF CONSTITUENT GASES OF BIOGAS: 

SR.
NO. PARTICULARS METHANE CARBON DIOXIDE 

1 Molecular weight 16 44 

2 Sp. Volume ( 70 o C F-1 ATM) 23.7 CFT/ lb. 8.76 CFT/ lb. 

3 Boiling point a( 1 ATM) -161.6 oC -78.5oC

4 Freezing point( at 1AM)  -82.5 oC -56.6 oC

5 Density gas(at 70 oC F) 0.044 lb /CFT 0.1440 lb. /CFT 

6 Specific gravity,(Gas 60 o C F, 1 
ATM) 0.5549 1.5232 (Air =1) 

7 Critical temperature -82.1oC 31 oC

8 Critical pressure 45.8 ATM 72.9 ATM 

9 Critical density 0.162g/cc 0.468 g/cc 

10 Latent heat of vap at BP 121.87 cal/g 149.6BTU/lb 

11 Latent heat fusion at M.P. 121.87 cal/g 149.6BTU/lb 

CP 0.5721 BTU/lb. o F 0.1988 BTU/ lb. o F
12

Sp. Heat, 
(Gas at 60 
oC F) CV 0.4032 BTU/ lb. 0.1525 BTU/lb. o F

13 Ratio CP/ CV 1.307 1.303 

14 Flammable limit in air 5.3-14% by vol. - 

15 Heat of combination at 25 oC  97.8 BTU / CFT - 

16 Gross heat of combustion (60 o C
F, 1 abn) 1011.6BTU/CFT - 

17 Viscosity at 60 oC F 0.012 CPS 0.0148CPS 

18 Viscosity (Gas 32 oC F 1 ATM) 0.0109 CPS - 

At 32oC F - 0.0085 BTU /Hr. sq. ft.
19 Thermal 

conductivity At 212 o C F - 0.0133 o CF /b t. 

REF: - Matheson gas data book the Matheson company inc. Ontario 1966. 

10.7.7 PROPERTIES OF CONSTITUENT GASES OF BIOGAS: 

SR. PARTICULARS METHANE CARBON DIOXIDENO.

1 Molecular weight 16 44 

2 Sp. Volume ( 70 o C F-1 ATM) 23.7 CFT/ lb. 8.76 CFT/ lb.
oC 78.5oC3 Boiling point a( 1 ATM) -161.6 -7

oC oC4 Freezing point( at 1AM)  -82.5 -56.6 
oC 5 Density gas(at 70 F) 0.044 lb /CFT 0.1440 lb. /CFT

Specific gravity,(Gas 60 o C F, 16 0.5549 1.5232 (Air =1)p
ATM)

82.1oC oC7 Critical temperature -8 31

8 Critical pressure 45.8 ATM 72.9 ATM 

9 Critical density 0.162g/cc 0.468 g/cc

10 Latent heat of vap at BP 121.87 cal/g 149.6BTU/lb

11 Latent heat fusion at M.P. 121.87 cal/g 149.6BTU/lb 

Sp. Heat, CP 0.5721 BTU/lb. o F 0.1988 BTU/ lb. o F
12

p ,
(Gas at 60(
oC F) CV 0.4032 BTU/ lb. 0.1525 BTU/lb. o F

13 Ratio CP/ CV 1.307 1.303

14 Flammable limit in air 5.3-14% by vol. -
oC  15 Heat of combination at 25 97.8 BTU / CFT - 

Gross heat of combustion (60 o C16 1011.6BTU/CFT - F, 1 abn) 
oC 17 Viscosity at 60 F 0.012 CPS 0.0148CPS

oC 18 Viscosity (Gas 32 F 1 ATM) 0.0109 CPS -

32oC At F - 0.0085 BTU /Hr. sq. ft.Thermal19 conductivity At 212 o C F - 0.0133 o CF /b t.

REF: - Matheson gas data book the Matheson company inc. Ontario 1966. 
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10.8 SAFETY PRECAUTIONS AT BIO-GAS PLANT 

10.8.1 GENERAL PRECAUTIONS: 

a) Bio gas plant should be protected with boundary wall / fencing and non-authorized 
person should not be allowed entry inside the biogas plant area. Q 

b) A qualified and trained operator/chemist should operate the plant only. A shift in 
charge must be deputed in each shift for proper operation and maintenance of the 
plant. Biogas plant process being of continuous nature, round the clock 
supervision is essential. 

c) NO SMOKING sign should be installed around all four sides of the biogas plant 
boundary and on each equipment in the plant. 

d) NO MOBLIE PHONE should be allowed in the Biogas plant area.
e) No open flame, welding gas-cutting etc. is allowed in the biogas plant area. 
f) Proper illumination / lighting should be provided at each location of the plant for 

operation/ maintenance during nighttime. 
g) Gas mask / first aid box should be provided in biogas plant control room in case of 

emergency requirements. 
h) Biogas in nonexclusive, non hazardous gas however, it should not be inhaled, no 

open flame should be present since it catches fire easily and may be fatal if 
inhaled in large quantities. 

i) Biogas is similar to gobar gas. It contains 50-60% methane, 40-50% CO2, and 
traces of hydrogen sulfide and moisture. It is lighter than air and easily mixes with 
air, in case if leakage. But it may cause suffocation if inhaled in large quantities 
and may ignite if present in large concentration. 

10.8.2 BIOGAS REACTOR: 

a) Pressure cum vacuum release valve (Y-801 A / B / C) provided on reactor top. 
Continuous water supply to this device should be ensured. 

b) Vent valve is provided on reactor top. Valve should be kept opened during shut 
down of the plant and when gas is not being burnt in flare or boiler. 

c) Main isolating valve for gas is provided on R-801 A / B / C reactors top. The valve 
should be closed in case of emergency / accident. 

d) Flameproof motor has been provided for central agitator (A-801 A/B/C), and for 
lateral agitators (A-802 A/B/C/D/E/F/G/H/I) for R-801 A/B/C located on reactors 
roof and reactor shell respectively. Cable box of the motor should be kept closed 
all the time and ensures proper cable connections through flameproof cable 
glands. 

10.8 SAFETY PRECAUTIONS AT BIO-GAS PLANT

10.8.1 GENERAL PRECAUTIONS: 

a) Bio gas plant should be protected with boundary wall / fencing and non-authorized
person should not be allowed entry inside the biogas plant area. Q 

b) A qualified and trained operator/chemist should operate the plant only. A shift in 
charge must be deputed in each shift for proper operation and maintenance of the
plant. Biogas plant process being of continuous nature, round the clock 
supervision is essential.

c) NO SMOKING sign should be installed around all four sides of the biogas plant 
boundary and on each equipment in the plant.

d) NO MOBLIE PHONE should be allowed in the Biogas plant area.
e) No open flame, welding gas-cutting etc. is allowed in the biogas plant area.
f) Proper illumination / lighting should be provided at each location of the plant for 

operation/ maintenance during nighttime. 
g) Gas mask / first aid box should be provided in biogas plant control room in case of 

emergency requirements. 
h) Biogas in nonexclusive, non hazardous gas however, it should not be inhaled, no 

open flame should be present since it catches fire easily and may be fatal if 
inhaled in large quantities.

i) Biogas is similar to gobar gas. It contains 50-60% methane, 40-50% CO2, and 
traces of hydrogen sulfide and moisture. It is lighter than air and easily mixes with
air, in case if leakage. But it may cause suffocation if inhaled in large quantities 
and may ignite if present in large concentration.

10.8.2 BIOGAS REACTOR: 

a) Pressure cum vacuum release valve (Y-801 A / B / C) provided on reactor top. 
Continuous water supply to this device should be ensured. 

b) Vent valve is provided on reactor top. Valve should be kept opened during shut 
down of the plant and when gas is not being burnt in flare or boiler. 

c) Main isolating valve for gas is provided on R-801 A / B / C reactors top. The valve
should be closed in case of emergency / accident.

d) Flameproof motor has been provided for central agitator (A-801 A/B/C), and for 
lateral agitators (A-802 A/B/C/D/E/F/G/H/I) for R-801 A/B/C located on reactors
roof and reactor shell respectively. Cable box of the motor should be kept closed
all the time and ensures proper cable connections through flameproof cable 
glands.
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e) Ensure proper earthling of these agitator motors and provide lightning arrester on 
reactor top. 

10.8.3 GAS HANDLING SYSTEM:

a) Gas blower B-801 A/B is provided with flameproof motor, cable connections 
should be maintained accordingly. 

b) Safety valve on blower discharge side should be properly adjusted to operate at 
desired gas pressure. 

c) Moisture is likely to accumulate in the gas pipeline. The drain points which are 
provided at intervals must be drained at least once in a day. Precaution should be 
taken while operating drain valve so that gas should not escape while draining 
water. 

d) Flame Arrestors Y-804 provided on the gas line should be cleaned periodically so 
that gas pressure at boiler end is maintained. 

e) At the time of lighting the burner if burner does not light up within 15-20 sec. Close 
the shut off valve in gas line, and purge the furnace before trying to light up burner 
again. 

f) Do not light up burner from hot brick work 
g) Do not light up burner from another burner. 

10.9 SAFETY PRECAUTIONS FOR GOING ON TOP OF REACTOR: 

a) Only trained, qualified and authorized operation / maintenance personal are 
allowed to go on top of Reactor. 

b) Any unauthorized person should NOT be allowed inside the biogas plant and 
MUST NOT go on top of reactor /, parallel plate clarifier etc. 

c) It is recommended that operation / maintenance staff makes at least one visit in 
each shift to check smooth operation of central agitator, A-801 A/ B /C  for R-801 A 
/ B /C  and over / under pressure safety device Y-801 A/B/C on top of R-801 A / B / 
C reactors. 

d) Normally, always two persons should go on top of reactors. A person going alone 
on reactor top should be avoided. 

e) If due to any constrain a person is going alone on top of reactor, he should instruct 
another person to wait down below near staircase till he return back; and shout for 
help of first person’s return is delayed without any intimation. 

f) The person going on top of reactors / parallel plate clarifier should immediately 
establish voice- contact after reaching the top and inform the person waiting below 
the approx. time within which he shall be back. 

e) Ensure proper earthling of these agitator motors and provide lightning arrester on 
reactor top. 

10.8.3 GAS HANDLING SYSTEM:

a) Gas blower B-801 A/B is provided with flameproof motor, cable connections
should be maintained accordingly. 

b) Safety valve on blower discharge side should be properly adjusted to operate at 
desired gas pressure. 

c) Moisture is likely to accumulate in the gas pipeline. The drain points which are 
provided at intervals must be drained at least once in a day. Precaution should be 
taken while operating drain valve so that gas should not escape while draining
water. 

d) Flame Arrestors Y-804 provided on the gas line should be cleaned periodically so 
that gas pressure at boiler end is maintained. 

e) At the time of lighting the burner if burner does not light up within 15-20 sec. Close
the shut off valve in gas line, and purge the furnace before trying to light up burner 
again. 

f) Do not light up burner from hot brick work
g) Do not light up burner from another burner.

10.9 SAFETY PRECAUTIONS FOR GOING ON TOP OF REACTOR: 

a) Only trained, qualified and authorized operation / maintenance personal are 
allowed to go on top of Reactor. 

b) Any unauthorized person should NOT be allowed inside the biogas plant and
MUST NOT go on top of reactor /, parallel plate clarifier etc.

c) It is recommended that operation / maintenance staff makes at least one visit in 
each shift to check smooth operation of central agitator, A-801 A/ B /C  for R-801 A 
/ B /C  and over / under pressure safety device Y-801 A/B/C on top of R-801 A / B / 
C reactors.

d) Normally, always two persons should go on top of reactors. A person going alone 
on reactor top should be avoided. 

e) If due to any constrain a person is going alone on top of reactor, he should instruct 
another person to wait down below near staircase till he return back; and shout for 
help of first person’s return is delayed without any intimation. 

f) The person going on top of reactors / parallel plate clarifier should immediately 
establish voice- contact after reaching the top and inform the person waiting below
the approx. time within which he shall be back. 
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g) If the person on top does not return within the time indicated and / or does not 
report again within the time, the person down below should call for him loudly and 
should try to contact voice contact. If there is no response he should shout for help 
and / or inform others immediately and ask for help. 

h) In no case the second person should himself go on top of reactor to look for the 
first person without again keeping a person at the ground and maintain precaution 
as mentioned above. 

i) The entire procedure is to be more carefully observed for visit to reactor top, 
during NIGHT time. 

j) Sufficient light / illumination should be provided at staircase and on top of reactors 
for access during NIGHT time. 

k) If sufficient facilities, illumination / manpower are not available, one should not go 
on top of reactors. 

l)  Person with `Height –FOBIA’ should not go on top of reactors /  parallel plate 
clarifier. 

m) Persons going on top of reactor should avoid going near the edge of reactor outer 
ring and near its hand railing. Though hand railing is provided for safety, one 
should avoid going near edge if it is not required. 

n) Attendance is required near central Agitator / over under Pressure safety devices 
only and these items are located near the center of the top of the Reactors. Hence, 
one should remain on the working platform and near the center of Reactor on the 
top of Reactor. 

o) Leaning outward from hand railing is dangerous and may cause fatal accident if 
one falls from top of Reactor. Hence, avoid going near the outer hand railing. 

p) No items, however, small or big should be thrown below from the top of Reactors. 
It may cause fatal accident to person moving below. 

q) Only fully trained maintenance staff / workmen should be allowed to work on top of 
Reactors, under the supervision of maintenance engineer / superintendent. 
Unattended maintenance work is not allowed.  

r) Do not Panic or jump from Reactor top even in case of any fire / explosion / other 
emergencies on top. Try to keep cool and come down through staircase only. 
Jumping / slipping from Reactors top can be fatal. 

s) The operator going on top of Reactors for opening vent valve / manhole should 
avoid inhaling of biogas. 

t) Biogas may be present in the entire biogas plant area and especially on top of 
Reactors / Parallel plate clarifier. Do not inhale biogas. It may cause breathing 
trouble and may be fatal if inhaled in large quantities or for long period. Keep away 
from the point of leakage of biogas. Use gas mask whenever required. Keep gas 
mask in operating condition. 

g) If the person on top does not return within the time indicated and / or does not
report again within the time, the person down below should call for him loudly and 
should try to contact voice contact. If there is no response he should shout for help
and / or inform others immediately and ask for help. 

h) In no case the second person should himself go on top of reactor to look for the 
first person without again keeping a person at the ground and maintain precaution 
as mentioned above.

i) The entire procedure is to be more carefully observed for visit to reactor top,
during NIGHT time.

j) Sufficient light / illumination should be provided at staircase and on top of reactors
for access during NIGHT time. 

k) If sufficient facilities, illumination / manpower are not available, one should not go
on top of reactors.

l) Person with `Height –FOBIA’ should not go on top of reactors /  parallel plate
clarifier.

m) Persons going on top of reactor should avoid going near the edge of reactor outer 
ring and near its hand railing. Though hand railing is provided for safety, one 
should avoid going near edge if it is not required.

n) Attendance is required near central Agitator / over under Pressure safety devices
only and these items are located near the center of the top of the Reactors. Hence,
one should remain on the working platform and near the center of Reactor on the 
top of Reactor. 

o) Leaning outward from hand railing is dangerous and may cause fatal accident if 
one falls from top of Reactor. Hence, avoid going near the outer hand railing.

p) No items, however, small or big should be thrown below from the top of Reactors.
It may cause fatal accident to person moving below.

q) Only fully trained maintenance staff / workmen should be allowed to work on top of 
Reactors, under the supervision of maintenance engineer / superintendent. 
Unattended maintenance work is not allowed. 

r) Do not Panic or jump from Reactor top even in case of any fire / explosion / other 
emergencies on top. Try to keep cool and come down through staircase only. 
Jumping / slipping from Reactors top can be fatal. 

s) The operator going on top of Reactors for opening vent valve / manhole should 
avoid inhaling of biogas. 

t) Biogas may be present in the entire biogas plant area and especially on top of 
Reactors / Parallel plate clarifier. Do not inhale biogas. It may cause breathing 
trouble and may be fatal if inhaled in large quantities or for long period. Keep away
from the point of leakage of biogas. Use gas mask whenever required. Keep gas 
mask in operating condition. 
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u) Do not smoke, light match or do any electric welding, gas cutting, grinding, drilling 
etc. in the entire bio-gas plant area and especially on top of Reactors /  parallel 
plate clarifier / degassing vessel. Bio-gas ignites easily and caused serve fire and 
explosion. Be extra careful, to avoid, any kind of fire / accident in biogas plant 
area. 

v) Biogas shall remain present in and around biogas Reactors even if distillery / bio-
gas plant is closed and stopped. Hence, smoking, welding, cutting, etc. is not 
allowed even in closed bio-gas plant, unless the equipment is completed, emptied, 
cleaned thoroughly and traces kind of bio-gas are removed completely. 

w) Provide sufficient guideline / training to all operating / maintenance workmen / staff 
in bio-gas plant, about safety measures and carry out monthly `safety-drills’ to 
check effectiveness of training and safety precautions. 

NOTE:

� Please make multiple copies of this note and distribute to all concerned. Make 
translation in local / vernacular language for those who do not know ENGLISH. 

u) Do not smoke, light match or do any electric welding, gas cutting, grinding, drilling
etc. in the entire bio-gas plant area and especially on top of Reactors /  parallel 
plate clarifier / degassing vessel. Bio-gas ignites easily and caused serve fire and 
explosion. Be extra careful, to avoid, any kind of fire / accident in biogas plant
area. 

v) Biogas shall remain present in and around biogas Reactors even if distillery / bio-
gas plant is closed and stopped. Hence, smoking, welding, cutting, etc. is not 
allowed even in closed bio-gas plant, unless the equipment is completed, emptied,
cleaned thoroughly and traces kind of bio-gas are removed completely.

w) Provide sufficient guideline / training to all operating / maintenance workmen / staff 
in bio-gas plant, about safety measures and carry out monthly `safety-drills’ to 
check effectiveness of training and safety precautions.

NOTE:

Please make multiple copies of this note and distribute to all concerned. Make �
translation in local / vernacular language for those who do not know ENGLISH.
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11.0 ENCLOSURES 

11.1 DAILY LOG SHEET OF REACTOR PERFORMANCE 
11.2 RUNNING ELECTRICAL LOAD LIST OF EQUIPMENT 

11.3 PLANT STOPPAGE REPORT 
11.4 EQUIPMENT LIST 
11.5 DESIGN ELECTRICAL LOAD LIST OF BIOGAS 
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11.1 BIOGAS PLANT LOG SHEET 

Observed Parameters Sr.
No. Parameters Units 

‘A’ Shift ‘B’ Shift ‘C’ Shift 
Daily 

Average 

A REACTOR INLET 
1 Feed Rate m3/shift     
2 pH      
3 Temperature OC     
4 VA Mg/L     
5 TSS mg/L     
6 TDS mg/L     
7 TVS mg/L     
8 Total Acidity Mg/L     
9 COD  mg/L     

10 BOD mg/L     
11 COD Load Kg/shift     
12 BOD Load Kg/shift     

B REACTOR CONTENT - COMPOSITE SAMPLE 
1 pH      
2 Temperature OC     
3 VA  mg/L     
4 Alkalinity mg/L     
5 VA/Alkalinity Ratio      
6 TDS mg/L     
7 TSS mg/L     
8 TVSS mg/L     
9 COD  mg/L     

10 BOD mg/L     
11 TKN mg/L     
12 Sludge Recycle Rate m3/hr     
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Observed Parameters Sr.
No. Parameters Units 

‘A’ Shift ‘B’ Shift ‘C’ Shift 
Daily 

Average 

C PARALLEL PLATE CLARIFIER OUTLET 
1 pH      
2 TSS mg/L     
3 COD  mg/L     
4 BOD mg/L     

D PERFORMANCE DATA 
1 COD reduction %     
2 COD destroyed Kg/shift     
3 BOD reduction %     
4 BOD destroyed Kg/shift     
5 Gas generated m3/hr     

6 Specific gas 
generation 

m3/kg 
COD red.     

7 Methane (CH4 in gas) %     

8 Organic Loading 
Rate 

Kg COD/ 
m3/day     

9 Fuel Saving T/day     

Remarks: 
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11.2 RUNNING ELECTRICAL LOAD LIST OF EQUIPMENT 

GENERAL INFORMATION: 

Sr. 
No. Parameters Running Amps 

Angle 
(For Lateral 

Agitator Only) 
Remarks

1 Central Agitator     

A - 801 A     

A - 801 B     

A - 801 C     

2 Lateral Agitator     

A - 802 A     

A - 802 B     

A - 802 C     

A - 802 D     

A - 802 E     

A - 802 F     

A - 802 G     

A - 802 H     

A - 802 I     

3 Reactor Feed Pumps     

P - 801 A     

P - 801 B     

P - 801 C     

P - 801 D     

P - 801 E     

P - 801 F     
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Sr. 
No. Parameters Running Amps 

Angle 
(For Lateral 

Agitator Only) 
Remarks

4 Sludge Recycle Pumps     

P - 802 A     

P - 802 B     

P - 802 C     

P - 802 D     

P - 802 E     

P - 802 F     

5 Biogas Blower     

B - 801 A     

B - 801 B     

6 Lime Tank Agitator     

A - 803     

7 Cooling Tower Pump     

P - 803 A     

P - 803 B     

8 Soft Water  Pump     

P - 804 A     

P - 804 B     

9 Process Water Pump     

P - 805 A     

P - 805 B     

Any other important information: 
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11.3 PLANT STOPPAGE REPORT 

Plant stoppage report is as follows: 

DATE 

SHIFT 

SHIFT INCHARGE a) PRAJ 

b) KHON KAEN ALCOHOL CO LTD 

PLANT STOPPAGE - TIME 

REASON FOR STOPPAGE 

PLANT RE-START UP TIME 

TOTAL DURATION OF STOPPAGE 

SIGNED a) PRAJ 

b) K.HON KAEN ALCOHOL CO LTD 



 
OPERATION   MANUAL 

 
PROJECT 

NO. CLIENT SECTION DOCUMENT NO. REV. 
NO. 

PAGE 
NO. 

ISSUE 
DATE 

D-08018 Khon Kean Alcohol 
Co. Ltd. 

Biomethanation 
Section D-08018-4-OPM-801 0 66 OF 69 03/06/2010 

CONFIDENTIAL THIS DOCUMENT IS THE PROPERTY OF PRAJ INDUSTRIES LTD., INDIA AND SHOULD NOT BE REPRODUCED WITHOUT 
WRITTEN CONSENT FROM,”PRAJ INDUSTRIES LTD, “PRAJ HOUSE”, BAVDHAN, PUNE 411021, INDIA 

11.4 EQUIPMENT LIST 

SR 
NO. TAG NO. DESCRIPTION QTY BRIEF SPECIFICATIONS MOC 

   O S

1 A-801 
A/B/C 

Central agitator with flame 
proof motor & VFD 3 - Top Entry 

Type: Propeller Blades 
Wetted parts 

AISI 316 

2
A-802 
A/B/C/D/E/
F/I/G/H/I 

Lateral agitator with flame 
proof motor 6 3 Side Entry 

Type: Helical Pitch Blades 
Wetted parts 

AISI 316 

3 A-803 A Agitator for nutrient dosing 
tank 1 - To Mix Nutrients in water 

Type - Propeller blades 
Wetted parts 

AISI 316 

4 B-801 A/B Biogas Blower with flame 
proof motor 1 1 Type: Twin lobe blower 

Capacity: 2850 m3/hr 

C.I body with 
SS 304 
lobes. 

5
H-801 
A/B/C/D/E/
F

Spent Wash Coolers 3 3 Type: Plate Heat exchange 
M.S. frame & 

AISI 316 
Plates

6 M-801 
A/B/C Heating Mixer 3 - Type: Praj Std M.S. 

7
P-801 
A/B/C/D/E/
F

Reactor feed pump with 
Motor 3 3 Type: centrifugal 

Capacity: 40 m3/hr

C.I.Body with 
AISI 304 

Wetted Part 

8
P-802 
A/B/C/D/E/
F

Sludge recycle pump with 
Motor 3 3 Type: centrifugal 

Capacity: 92 m3/hr

C.I.Body with 
AISI 304 

Wetted Part 

9 P-804 
A/B Soft water pump with Motor 1 1 Type: centrifugal 

Capacity: 5 m3/hr C.I.

10 P-805 
A/B

Process water pump with 
motor 1 1 Type: centrifugal 

Capacity: 8 m3/hr C.I.

11 P-808 
A/B

Biomethanated spent wash 
transfer Pump with Motor 1 1 Type: centrifugal 

Capacity: 125 m3/hr C.I.

12 P-809 
A/B

Sludge transfer pump with 
motor 1 1 Type: centrifugal 

Capacity: 20 m3/hr C.I.

13 P-920 
A/B

Cooling water circulation 
pump with Motor 1 1 Type: centrifugal 

Capacity: 200 m3/hr C.I.
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SR 
NO. TAG NO. DESCRIPTION QTY BRIEF SPECIFICATIONS MOC 

   O S

14 R-801 
A/B/C Bio Digester 3 - 

Type: Cylindrical / vertical 
with Flat bottom & dome 
top 
Diameter: 40 M 
Total Height: 17 m 

M. S. with 
internal 

epoxy paint 
& external 

enamel paint 

15 
S-801 
A/B/C/D/E/
F

Parallel Plate clarifier shell 
and hopper 6 - Type: Vertical Shell with 

Conical Bottom 

M.S.with 
internal 

epoxy paint 
& external 

enamel paint 

16 T-801  
 A/B 

Pre Settling Tank 
( civil construction) 1 - 

Type: Rectangular tank 
with 2 compartments of 
1000 m3 each. 

RCC

17 T-802 
Lime/NaHCO3/Nutrient
Dosing Tank (Civil 
construction) 

1 - Type: Rectangular tank 
with 2 compartments. RCC

18 T-803 
A/B/C Priming Pot 3 - Type: Vertical, Top & 

Bottom flat ends. SS 304 

19 T-804 Soft Water tank 1 - Type: Vertical, Top and 
Bottom flat ends CS 

20 T-805 Process Water tank 1 - Type: Vertical, Top and 
Bottom flat ends CS 

21 U-920 Cooling tower 1 - Type: Induced Draft Wood 

22 V-801 
A/B/C Degassing Vessel 3 - 

Type: Cylindrical/ Vertical 
Shell Top Open, Bottom 
Conical 

MS with 
internal 

epoxy paint 
& external 

enamel paint 

23 V-802  Sediment Trap 1 - Type: Cylindrical / Vertical 
Shell with conical bottom  

MS with 
internal 

epoxy paint 
& external 

enamel paint 
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SR 
NO. TAG NO. DESCRIPTION QTY BRIEF SPECIFICATIONS MOC 

   O S

24 V-803 Water seal type flare unit 1  

Type: Cylindrical / Vertical 
Shell with Flat Bottom 
Conical Top 

MS with 
internal 

epoxy paint 
and external 
Enamel Paint

25 Y-801 
A/B/C 

Safety System for 
Biodigester 3 - Pressure Vacuum Relief 

Valve water seal type AISI 304. 

26 Y-802 
A/B/C 

Safety System for 
Biodigester.  3 - Pressure Vacuum Relief 

Valve Mechanical type 

CS body with 
SS 304 
internals 

27 Y-803 
A/B/C 

Flame Arrestors on 
Biodigester  3 - Type: Mesh Type In Lines 

M. S. with SS 
304 

Elements

28 Y-804  
Flame Arrestors on Gas 
Line to spark ignition 
system.

1 - Type: Mesh Type In Lines 
M. S. with SS 

304 
Elements. 

29 Y-805 Flame Arrestors on Gas 
Line to boiler. 1 - Type: Mesh Type In Lines 

M. S. with SS 
304 

Elements. 

30 Y-806 Flare Unit (Spark Ignition 
type) 1 - Type- Cylindrical / Vertical  

C.S Riser 
pipe with 

AISI 304 tip 

31 Y-807 Plate pack Set (66 Plates 
each) 6 - Type: Praj Std AISI 304 

32 Y-808  Biomethanated Spent wash 
Holding pit 1 - Type: Rectangular Pit RCC

33 Y-809 A/B Sludge Collection Pit 2 - Type: Rectangular RCC 

P f Pressure Vacuum Relief
Valve water seal type 

Pressure Vacuum Relief 
Valve Mechanical type

Type: Mesh Type In Lines

Type: Mesh Type In Lines

Type: Mesh Type In Lines

Flame Arrestors on 
Biodigester  

Flame Arrestors on Gas
Line to spark ignition
system.

Flame Arrestors on Gas
Line to boiler.

Flare Unit (Spark Ignition
type) 

Safety System for y y
Biodigester 

Safety System for y y
Biodigester. 

Type- Cylindrical / Vertical 

Plate pack Set (66 Plates
each) Type: Praj Std 
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11.5 ELECTRICAL LOAD FOR BIOGAS PLANT: 

QTY POWER KW SR 
NO

MOTOR 
TAG NO EQUIPMENT 

OP. SB. 

RECOMMENDED 
MOTOR RATING 

(KW) OPERATING CONNECTED 

1 P-801 
A/B/C/D

Reactor feed 
Pump 2 2 9.3 18.6 37.2 

2 P-802 
A/B/C/D

Sludge Recycle 
Pump. 2 2 11 44 88 

3 A-801A/B Central agitator 2 --- 11 22 22 

4 A-802 
A/B/C/D/E/F 

Side entry 
agitator 4 2 15 60 90 

5 A-803 Agitator for lime 
dosing tank 1 --- 0.75 0.75 0.75 

6 B-801 A/B Biogas blower 1 1 55 55 110 

7 U-920 Cooling tower 
fan 1 -- 7.5 7.5 7.5 

8 P-920 A/B Cooling tower re 
circulation pump 1 1 22 22 44 

9 P-803 A/B Process water 
pump 1 1 - - - 

TOTAL 229.85 399.45 


