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DESIGN PROJECT MEMO 2  
Date: 7th September 2017  
To: Dr. Bridgid Chin Lai Fui 
From: Phuan Soon Lee, Christine Ann Obek, Neoh Yen Chee,  

Farah Amelia Ameerul Afiq, Jason Tiong Sie Yeen 
Re: Catalytic Co-gasification of Biomass and Plastic Wastes 

mixtures with in-situ CO2 capture for enriched Hydrogen Production 
 

 
1. Summary and Overview 
The main objective is to produce 100k ton/year of syngas 
containing 99.9% purity of hydrogen to be used in the 
generation of electricity mainly through gasification of 
biomass. Within this memo, a detailed model of 
Gasification of Biomass is designed as a simulation by 
using Superpro.  A process flow diagram of the process 
and the picture of the simulation can be seen from 
Appendix B. A manual calculation for the material and 
energy balance has been done on the major equipment, the 
heaters and coolers to be compared with the data shown 
by the simulation. Then, an optimization process for the 
system is done, followed by heat integration is recorded 
within this memo. Furthermore, a pinch analysis has been 
performed on the to reduce the energy consumptions from 
the process. Next, the selection of pipe sizing and the 
suitable material for the piping in the system is also 
selected, same goes to the Major Equipment involved in 
this process. As a precautionary study, an environmental 
impact assessment (EIA) and preliminary hazard safety 
review has been performed and can be found in this 
memo. Lastly, a plant layout to show the dimensions and 
the assembly of the plant can be seen in Appendix E. 
 
2. Process Topology and Stream Information 
The feedstocks (biomass and plastics) are unloaded at the 
storage location and kept until needed. Here, the 
feedstocks are loaded onto a conveyor belt and fed to the 
mixers (M-101 and M-102). The ratio of biomass to 
plastic is 30:70. The pretreated feedstock is now 
transported to the gasification zone. Here, the feedstock 
first enters the fluidized bed gasifier (R-101A). The 
feedstock is heated to 850 oC with superheated steam from 
stream (250 oC, 1 atm). Syngas along with tar and ash is 
produced under the aid of dolomite as a catalyst. The 
syngas and tar leave through the vent valve and enters the 
fixed bed reactor (R-102A). Here, catalytic tar cracking 
occurs with the aid of dolomite. Stream S-107 (786 oC, 1 
atm) leaves reactor R-102A in vapor phase has 93.5% tar 
converted. The syngas leaves the gasification zone and 
enters the separation zone. Here, the syngas undergoes tar 
removal, water gas shift reaction, and CO2 removal. 
Stream S-107 enters a cooler ( E-102A) experiencing a 
temperature drop from 786 oC to 80 oC at 1 atm. The 
cooled syngas now enters a scrubber (V-101A) operating 
at 1 atm. 90% of the tar is removed here. The scrubbed 
syngas (S-109) is heated to 600 oC and passed through a 
water gas shift reactor (R-103A) which enriches the 
syngas with hydrogen. The enriched syngas, enter a 
membrane filter which removes CO2 and the final product 
has a hydrogen purity of 96.4%. 
 

3. Mass and Energy Balance 
The mass balance conducted followed the methodology 
mentioned in Table 1 while a comparison of manual and 
simulated results was presented from Tables 2 to 4. In the 
comparison study, some data showed large variations 
which were most likely due to the assumptions made for 
the manual calculations. These assumptions are listed in 
Table 1. Also, the simulation could not provide a detailed 
result of tar production, hence the manual calculations 
will deviate significantly from the simulated results. For 
the membrane separation, there is no energy 
consume/needed for the reaction to occur due to the action 
of free-energy driving forces (Thomas M. Flynn, 1982). 
For the gravity separation vessel, no energy is needed as 
the mixture of Tar and water would be separated by the 
force of gravity with the addition of a de-emulsifier into 
the vessel to break the emulsion formed from the mixture 
(Germany Patent No. 663,880, 1976). As for the Fixed 
Bed gasifier, no energy balance is able to be conducted as 
there is no available data to be used to calculate for from 
the simulation as based on literature, tar is not included in 
the simulation as the presence of tar would cause an error 
within the simulation. The calculation below includes 
some assumptions that are made to enable the calculation 
to proceed are the heat capacities for gas phase while the 
heat capacity of solids/liquids are zero. Energy balance 
summary can be seen in Table 2. 
 
4. Process Optimisation and Heat Integration 
The goal of this optimization was to determine the 
optimum feedstock ratio for higher hydrogen yield. It was 
determined that the higher the ratio of plastics, the higher 
the hydrogen yield. Therefore, the suggested ratio is 
30:70. Heat integration is conducted to reduce energy 
consumption within the plant. By constructing the 
problem table algorithm (PTA), as shown in Table 6, the 
pinch temperature (676.1 0C) was obtained. A grid 
diagram, labeled Table 5 is used to illustrate the above 
and below pic sub-networks. 
 
5. Preliminary Pipe Sizing, Equipment Schedule and 

Major Equipment Specification 
Pipe sizing data for all necessary streams in the process 
flow sheet have been calculated and are shown in Table 
10 of the Appendix F. The ANSI Pipe Schedule Chart 
obtained from PANTECH Corporation Sdn. Bhd. was 
used as a reference to determine the closest industrially 
found pipe sizing. A304 Carbon steel is used as 
construction material for most of the streamlines while 
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SS316 Stainless steel is selected for streams flowing at 
very high temperatures, particularly above 700 0C. To 
calculate the optimum diameter of the pipe, a nominal 
diameter size was first chosen. The corresponding 
nominal size and pipe schedule were chosen to determine 
the industrial inner diameter of the pipe which by the rule 
of thumb, should be greater than that of the manually 
calculated optimum industrial diameter. Streams S-103, 
S-104, and S-105 utilize stainless steels pipes due to high 
stream temperature. Stainless steels pipes can resist high-
temperature oxidation as well as corrosion (Don and 
Robert 2008). The remaining streams are constructed out 
of Carbon Steel pipe due to its cheaper price. Moreover, 
flow passing through it is less corrosive in nature. 
Subsequently, major equipment listed include a 
Circulating Fluidised Bed Gasifier, Fixed Bed Gasifier, 
Scrubber, Adiabatic Reactor, Gravity Separation Vessel 
and Membrane Separator. The function of each major 
equipment, sizing, operating conditions, and material of 
construction with the justification on it. The summary of 
the mentioned equipment can be seen in Table 8. 
 
6. Plant Layout Description 
The plant layout, as shown in Appendix E was designed 
to look the following sequence; pre-treatment, gasifier 
zone, separation zone and product storage. This approach 
was taken to allow for a smooth transition from one 
process to another and this ensures the usage of minimal 
piping. The plant layout was based on the 
recommendations of Coulson and Richardson’s volume 
six Chemical Engineering Design textbook (Sinnott 
2005). All hazardous were placed 40 meters apart while 
other non-hazardous equipment were placed 30 meters 
apart. It was determined that enriched hydrogen syngas 
storage is a safety risk and it was recommended to store a 
minimum of 70 meters away from the plant location. With 
that in mind, the syngas storage tanks were placed 160 
meters away from the plant. These wide spaces represent 
a safety measure. For convenience sake, the boiler and 
gasifier zone was placed next to the feedstock storage for 
shorter transport of materials. This concept was further 
implemented in the location of the waste water treatment 
plant and water tanks to allow for the shortest pipeline. 
Also, the wide spacing between one equipment to another 
provides an easy access for maintenance. The sizing of 
syngas storage tanks was based on the Hortonsphere 
pressure vessel designed by Chicago Bridge & Iron 
Company (CB&I). The storage tanks are 24 meters in 
diameter with a capacity of 7310.1 m3. Ten syngas 
storage tanks were allocated to accommodate a maximum 
of five days production. It is important to note that for 
safety reasons, the tanks are only stored up to 90% 
capacity. This was under the recommendation of CB&I. 
Following the advice of Martyn S and Martin G. Sneesby, 
the minimum syngas storage requirement was used. This 
is to ensure minimal hazardous materials are stored in the 
plant vicinity (Ray 1998).  The control room was safety 
located upwind of the plant and conveniently in a location 
to oversee the entire plant through a single glance. This 

was to ensure no hazardous effluents could affect the 
operator while allowing for an of the process plant (Baasel 
1990). The administration office, engineering office, 
research lab, clinic and fire station were also located 
upwind for the same reasons mentioned earlier. Finally, 
two entrances are available. The main entrance which is 
opened for staff and visitors usage while a separate 
entrance is opened only for loading and unloading trucks. 
This separation will avoid congestion and improve safety 
as larger vehicles would not be near the main entrance. 
 
7. Preliminary Environment Impact Assessment, 

Initial Process Hazards and Safety Review 
The main objective of carrying out a preliminary EIA is 
to identify potential hazards involved throughout the 
whole process along with possible mitigation measures 
that can be taken to reduce the hazards discussed. 
Specifically, the EIA emphasizes and considers all likely 
hazards associated with sea, land, water, air quality and 
people as seen in Table 11 of Appendix F. Some of the 
major issues addressed include a reduced air and water 
quality and discharge of harmful byproducts such as tar 
and fly ash into the surrounding atmosphere. Malaysian 
environmental laws and regulations serve as a guideline to 
ensure that the discharge of by-products does not further 
jeopardize Mother Nature. In addition to the EIA, a review 
of hazards identification, consequences, accidental release 
measures, storage and handling of each process material 
are thoroughly discussed and shown in Table 12 of 
Appendix F. Safe handling for the majority of the 
products involved are as simple as keeping it away from 
ignition and heat sources. Moreover, the likelihoods of a 
fire, explosion, power, water shortage and the 
corresponding contingency plans are addressed in Table 
13 of Appendix F. Fire, explosion and gas leakage have 
a higher possibility of occurring as the process plant deals 
with highly flammable gases, particularly, H2 is the major 
product. Subsequently, in order to further enhance the 
safety of the plant, a HAZOP study focussing only on 
major equipment was carried out. Possible parameter 
deviations from normal conditions are identified to ensure 
that a comprehensive safeguarding system is available to 
counter such deviations.  
 
8. Conclusion 
In conclusion, the simulation of the process theoretically 
should be a success but due to the lack of the necessary 
equipment from the software, some of the data is affected. 
The manual calculation of the material balance shows 
variation due to the errors from the data taken from the 
simulation while for the energy balance,  the calculation 
whose a percentage error within 100%. The process 
optimisation was able to increase hydrogen purity from 
42.3% to 96.4%. Lastly, from the EIA analysis and hazard 
analysis, the potential danger that can be imposed by the 
plant can be identified and possible safeguards and 
preventive action have been stated within this memo. 



 

APPENDIX A: MASS AND ENERGY BALANCE 
Table 1: Mass and Energy Balance Methodology 

Equipment   Gasifier (R-101A) Fixed Bed Reactor (R-102A) Scrubber (V-101A) Water Gas Shift Reactor (R-103A) Membrane Filter (R-105A) Reactors,heaters, 
coolers 

Anotations 

Methodology Various reactions occur in a catalytic 
steam gasification process and are listed 
below (Esfahani et al. 2017): 
Combustion reaction 
C + 0.5 O2 Æ CO 
C + O2 Æ CO2 

 
Boudouard reaction 
C + CO2 Æ 2CO 
 
Methanation reaction 
C + 2 H2 Æ CH4 
C + 2H2O Æ CH4 + CO2 

 

Water gas reaction 
C + H2OÆ CO + H2 

 

Water gas shift reaction 
CO + H2O Æ CO2 + H2 
 

Steam methane reforming 
reaction 
CH4 + H2O Æ CO + 3H2 
 
Dry reforming 
CH4 + CO2 Æ 2CO + 2H2 
 
Assumption: 
Tar production is 5.1% - 8.8%. 
An average was taken (~7%) 
(Esfahani et al. 2017). 
  
The reaction converts 80% of the 
reactants to its products 
(Samiran et al. 2016). 
 
The remaining reactants are 
converted to ash. 
The syngas composition is as 
follows: 
H2 – 12.2%; CO – 36.6% 
CO2 – 42.1%; CH4 – 9.4% 

Tar cracking occurs with the aid 
of dolomite (catalyst) to form 
lighter components.  
Tar cracking reaction 
CnHm (tar) + nCO2 Æ (m/2)H2 + 
2nCO 

 
CnHm (tar) + nH2O Æ (n+m/2)H2 
+ nCO 
 
CO2 + CH4 Æ 2H2 + 2CO 
 
Assumption: 
95% tar reduction is achievable 
(Bridgwater 1995)  
 
The overall syngas composition 
is assumed to be in the following 
order : 
H2      (81.6 vol %) 
CO   (9.2 vol %) 
CO2  (2.1 vol %) 
CH4  (7.1 vol %) 

Here, tar is removed from the syngas by water droplets. Tar is absorbed into 
the water while simultaneously allowing syngas to leave through the vent 
pipeline. The tar and water slurry is removed through the bottom pipeline. 
 
Assumption: 
The scrubber is capable of 90% tar removal. 
 
Calculation Method (Hogan 2003): 
Gs(y1-y2) = Ls(x1-x2)  
 
Notation: 
Gs – Molar flow of gas 
y1 – Mole fraction of solute in inlet gas 
y2 – Mole fraction of solute in outlet gas 
Ls – Mole flow of solvent 
x1 – Mole fraction of solute in outlet liquid 
x2 – Mole fraction of solute in inlet liquid 

The Water-Gas Shift Reactor acts as a 
hydrogen enriching step to increase the 
hydrogen yield.  
 
The reaction that takes place is as follows: 
 
Water gas shift reaction (Esfahani et al. 
2017) 
CO + H2OÆ CO2 + H2 

 
Assumption: 
The conversion is 90% complete (Esfahani 
et al. 2017). 
 
The same number of moles of water is 
required to convert carbon monoxide with 
water to carbon dioxide and hydrogen gas.  

The membrane filter traps CO2 
particles while allowing for smaller 
syngas products to pass. 
 
Assumption: 
This process is 90% efficient 
(Peryoga, Solikhah, and 
Raksodewanto 2014). 

Heat duty can be 
calculated by using: - 
Cp = A + BT + CT2 + 

DT3+ET4 
CPaverage = 𝐶𝑃𝑖𝑛+𝐶𝑃𝑜𝑢𝑡2  

Q = m CPaverage θ 

m = flow rate(kg/hr) 
Cp = heat capacity 
(J/hr) 
A,B,C,D = heat 
capacity constants 
Tin = temperature of 
inlet 
Tout = temperature 
of outlet 
Θ = temperature 
difference 
CPin = heat capacity 
for inlet 
CPout = heat 
capacity for outler 
Qactual = Actual Heat 
duty (J/hr) 
Qsuperpro = Heat duty 
from Superpro 
(J/hr) 
CPaverage = average 
heat capacity (J/hr) 
% = percentage 
error 
N2 = nitrogen 

O2 = oxygen 
 

Table 2: Major Equipment and utility Mass and Energy Balance 

Major Equipment Gasifier (R-101A) Fixed Bed Reactor (R-102A) Scrubber (V-101A) 

Composition 
 

S-103 S-105 ASH S-105 S-107 S-108 S-109 TAR + WATER 

Manual 
(kg/hr) 

SuperPro 
(kg/hr) % Manual 

(kg/hr) 
SuperPro 

(kg/hr) % Manual 
(kg/hr) 

SuperPro 
(kg/hr) % Manual 

(kg/hr) 
SuperPro 

(kg/hr) % Manual 
(kg/hr) 

SuperPro 
(kg/hr) % Manual 

(kg/hr) 
SuperPro 

(kg/hr) % Manual 
(kg/hr) 

SuperPro 
(kg/hr) % Manual 

(kg/hr) 
SuperPro 

(kg/hr) % 

CO2 0.0 0.0 0 1263.0 1095.0 15.3 0.0 0.0 0.0 1263.0 1095.0 15.3 1382.3 1729.7 79.9 1382.3 1729.7 79.9 1382.3 1729.7 20.1 0.0 0.0 0.0 

C 2462.8 2462.8 0 0.0 0.0 0.0 487.5 1033.0 47.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CO 0.0 0.0 0 1089.0 1050.9 3.6 0.0 0.0 0.0 1089.0 1050.9 3.6 1191.9 24.3 4804.9 1191.9 24.3 4804.9 1191.9 24.3 4804.9 0.0 0.0 0.0 

H2 389.0 389.0 0 366.0 227.8 31.8 0.0 0.0 0.0 366.0 227.8 31.8 400.6 216.9 84.7 400.6 216.9 84.7 400.6 216.9 84.7 0.0 0.0 0.0 

CH4 0.0 0.0 0 282.0 908.7 31.0 0.0 0.0 0.0 282.0 908.7 31.0 308.7 513.5 61.1 308.7 513.5 61.1 308.7 513.5 61.1 0.0 0.0 0.0 

N2 25.9 25.9 0 25.9 25.9 0 0.0 0.0 0.0 25.9 25.9 0 25.9 25.9 0.0 25.9 25.9 0.0 25.9 25.9 0 0.0 0.0 0.0 

O2 872.3 872.3 0 8.7 8.7 0 0.0 0.0 0.0 8.7 8.7 0 8.7 8.7 0.0 8.7 8.7 0.0 8.7 8.7 0 0.0 0.0 0.0 

H2O 0 0 0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0 140.7 140.7 0.0 140.7 140.7 0.0 0.0 0.0 0 240.7 100.0 140.7 

Tar 0 0 0 262.5 Nil Nil 0.0 0.0 0.0 262.5 Nil Nil 13.1 657.3 2.0 13.1 657.3 2.0 1.3 Nil Nil 11.8 657.3 5470.3 

Total 3750.0 3750.0 0 3297.1 3317.0 0.6 487.5 1033.0 47.2 3297.1 3317.0 0.6 3471.9 3316.3 1.1 3471.9 3316.3 1.1 3319.4 2519.0 31.8 252.5 757.4 33.33 

Major Equipment Water Gas Shift Reactor (R-103A) Membrane Filter (R-105A) 

Composition 
 

S-110 S-113 S-114 SYNGAS CO2 Removal 

Manual 
(kg/hr) 

SuperPro 
(kg/hr) % Manual 

(kg/hr) 
SuperPro 

(kg/hr) % Manual 
(kg/hr) 

SuperPro 
(kg/hr) % Manual 

(kg/hr) 
SuperPro 

(kg/hr) % Manual 
(kg/hr) 

SuperPro 
(kg/hr) % 

CO2 1382.3 1729.7 20.1 1918.7 1808.8 6.1 1918.7 1808.8 6.1 191.9 90.4 122.3 1726.8 1260.2 37.0 
C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 

CO 1191.9 24.3 4804.9 119.2 477.7 275.6 119.2 477.7 275.6 119.2 238.8 49.9 0 0 0.0 
H2 400.6 216.9 84.7 937.0 329.3 184.5 937.0 329.3 184.5 937.0 329.3 184.5 0 0 0.0 

CH4 308.7 513.5 61.1 308.7 224.9 37.3 308.7 224.9 37.3 308.7 90.0 243.0 0 0 0.0 
N2 25.9 25.9 0 25.9 25.8 0.0 25.9 25.8 0.0 25.9 25.9 0.0 0 0 0.0 
O2 8.7 8.7 0 8.7 8.7 0.0 8.7 8.7 0.0 8.7 0.9 866.7 0 0 0.0 

H2O 0.0 0.0 0 Nil 3.6 Nil Nil 3.6 Nil Nil 3.6 Nil 0 0 0.0 
Tar 1.3 Nil Nil 1.3 Nil Nil 1.3 Nil Nil 1.3 Nil Nil 0 0 0.0 

Total 3319.4 2519.0 31.8 3319.4 2878.9 15.3 3319.4 2878.9 15.3 1592.6 781.6 103.8 1726.7895 1260.2162 37.0 
 Utility Major Equipment 

Heat Duty 
J/hr 

Heater Cooler Gasifier Scrubber Adiabatic 
H-101 H-102 C-101 C-102 Qactual Qsuperpro % Qactual Qsuperpro % Qactual Qsuperpro % Qactual Qsuperpro % Qactual Qsuperpro % Qactual Qsuperpro % Qactual Qsuperpro % 

7.87E+07 3.38E+08 76.7 1.26E+07 2.62E+09 99.5 -8.40E+07 -4.61E+09 98.2 -6.81E+07 -2.9E+09 97.7 -7.66E+06 -6.28E+09 98.6 3.55E+07 9.55E+08 96.3 -4.03E+06 -4.79E+09 99.9 



 

 
Table 3: Overall Mass Balance of Plant 

Composition 
S-103 S-105 Scrubber Utility Feed S-110 SYNGAS 

Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) % Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) % Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) % Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) % Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) % 

CO2 0.0 0.0 0 1263.0 1095.0 15.3 0.0 0.0 0.0 1382.3 1729.7 20.1 191.9 90.4 122.3 
C 2462.8 2462.8 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CO 0.0 0.0 0 1089.0 1050.9 3.6 0.0 0.0 0.0 1191.9 24.3 4804.9 119.2 238.8 49.9 
H2 389.0 389.0 0 366.0 227.8 31.8 0.0 0.0 0.0 400.6 216.9 84.7 937.0 329.3 184.5 

CH4 0.0 0.0 0 282.0 908.7 31.0 0.0 0.0 0.0 308.7 513.5 61.1 308.7 90.0 243.0 
N2 25.9 25.9 0 25.9 25.9 0 0.0 0.0 0.0 25.9 25.9 0 25.9 25.9 0.0 
O2 872.3 872.3 0 8.7 8.7 0 0.0 0.0 0.0 8.7 8.7 0 8.7 0.9 866.7 

H2O 0 0 0 0.0 0.0 0 100.0 100.0 0.0 0.0 0.0 0 Nil 3.6 Nil 
Tar 0 0 0 262.5 Nil Nil 0.0 Nil Nil 1.3 Nil Nil 1.3 Nil Nil 

Total 3750.0 3750.0 0 3297.1 3317.0 0.6 100.0 100.0 0.0 3319.4 2519.0 31.8 1592.6 781.6 103.8 
 

Fixed-Bed 
Reactor
R-102A

Scrubber
V-101A

WGS Reactor
R-103A

Membrane 
Filter

R-105A

Gasifier
R-101A

 

   

Composition ASH S-107 TAR + WATER S-114 CO2 Removal Stream 
Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) 
% Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) 
% Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) 
% Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) 
% Mass flow 

(kg/hr) 
SuperPro 

(kg/hr) 
% 

CO2 0.0 0.0 0.0 1382.3 1729.7 79.9 0.0 0.0 0.0 1918.7 1808.8 6.1 1726.8 1260.2 37.0 
C 487.5 1033.0 47.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 

CO 0.0 0.0 0.0 1191.9 24.3 4804.9 0.0 0.0 0.0 119.2 477.7 275.6 0 0 0.0 
H2 0.0 0.0 0.0 400.6 216.9 84.7 0.0 0.0 0.0 937.0 329.3 184.5 0 0 0.0 

CH4 0.0 0.0 0.0 308.7 513.5 61.1 0.0 0.0 0.0 308.7 224.9 37.3 0 0 0.0 
N2 0.0 0.0 0.0 25.9 25.9 0.0 0.0 0.0 0.0 25.9 25.8 0.0 0 0 0.0 
O2 0.0 0.0 0.0 8.7 8.7 0.0 0.0 0.0 0.0 8.7 8.7 0.0 0 0 0.0 

H2O 0.0 0.0 0.0 140.7 140.7 0.0 240.7 100.0 140.7 Nil 3.6 Nil 0 0 0.0 
Tar 0.0 0.0 0.0 13.1 657.3 2.0 11.8 657.3 5470.3 1.3 Nil Nil 0 0 0.0 

Total 487.5 1033.0 47.2 3471.9 3316.3 1.1 252.5 757.4 33.33 3319.4 2878.9 15.3 1726.7895 1260.2162 37.0 
 

Table 4: Section Wise Mass Balance 

Composition 

Gasification Zone Separation Zone 
S-103 (kg/hr) S-107 (kg/hr) S-108 (kg/hr) SYNGAS (kg/hr) 

Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) 

% Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) 

% Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) 

% Mass flow 
(kg/hr) 

SuperPro 
(kg/hr) 

% 

CO2 0.0 0.0 0 1382.3 1729.7 79.9 1382.3 1729.7 79.9 191.9 90.4 122.3 
C 2462.8 2462.8 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CO 0.0 0.0 0 1191.9 24.3 4804.9 1191.9 24.3 4804.9 119.2 238.8 49.9 
H2 389.0 389.0 0 400.6 216.9 84.7 400.6 216.9 84.7 937.0 329.3 184.5 

CH4 0.0 0.0 0 308.7 513.5 61.1 308.7 513.5 61.1 308.7 90.0 243.0 
N2 25.9 25.9 0 25.9 25.9 0.0 25.9 25.9 0.0 25.9 25.9 0.0 
O2 872.3 872.3 0 8.7 8.7 0.0 8.7 8.7 0.0 8.7 0.9 866.7 

H2O 0 0 0 140.7 140.7 0.0 140.7 140.7 0.0 Nil 3.6 Nil 
Tar 0 0 0 13.1 657.3 2.0 13.1 657.3 2.0 1.3 Nil Nil 

Total 3750.0 3750.0 0 3471.9 3316.3 1.1 3471.9 3316.3 1.1 1592.6 781.6 103.8 
 

Table 6: Problem Table Algorithm (PTA) 

   

 
 

 

 

 

 

Table 5: Grid Diagram 

 

Table 7: Below Pinch Analysis 

 

Table 9: Above Pinch Analysis 

 

Table 8: Preliminary Major Equipment List and Specifications 

 



 

APPENDIX B: PROCESS FLOS DIAGRAM AND MATERIAL STREAM OF SUPERPRO SIMULATION 
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APPENDIX D: PROCESS AND INSTRUMENTATION DIAGRAM 
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APPENDIX F: LINE SIZING AND ENVIRONMENTAL IMPACT ASSESSMENT 
Table 10: Preliminary Sizing and Specifications of Pipings 

Streams S-101 S-103 S-104 S-105 S-106 S-107 S-108 S-109 S-110 S-111 S-112 S-113 S-114 S-115 S-116 S-117 Tar + Water 
Temperature (oC) 25 850 250 756.1 756.1 756.1 80 80 600 25 600 600 28 25 25.5 28 80 

Pressure 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 

Mass Flow Rate, G (kg/s) 1.146 1.146 0.183 1.014 0.316 1.014 1.014 0.770 0.770 0.183 0.110 0.880 0.880 3.208 3.850 0.238 0.244 

Density (kg/m3) 2315.660 2207.720 1000.000 1000.000 2220.011 1000.000 452.110 1000.000 1000.000 994.700 1000.000 1000.000 993.610 994.700 994.520 993.610 452.110 

Dynamic Viscosity (kg/ms)   2.25E-04 2.25E-04  4.73E-05 3.15E-05 1.66E-05 3.53E-05 2.25E-04 2.25E-04 3.13E-05 2.37E-05 9.00E-05 7.52E-04 3.11E-05 8.25E-05 

Pipe Material CS SS SS SS CS CS CS CS CS CS CS CS CS CS CS CS CS 
Optimum Diameter, Di (mm) 55.407 45.316 26.342 54.949 32.232 67.616 85.798 60.069 60.069 32.466 26.022 63.621 63.743 111.157 120.229 36.333 46.497 

Nominal Diameter (in) 2.500 2.000 1.250 2.500 1.500 3.000 3.500 2.500 2.500 1.500 1.250 2.500 2.500 5.00 5.00 1.500 2.00 

Nominal Diameter (mm) 63.500 50.800 31.750 63.500 38.100 76.200 88.900 63.500 63.500 38.100 31.750 63.500 63.500 127.000 127.000 38.100 50.800 

Schedule No. 5S 10S 40S 10S 40S 10S 40S 5S 5S 40S 40S 10S 10S 40S 40S 40S 10S 
Industry Diameter, Di (mm) 68.780 54.760 35.080 66.900 40.940 82.800 90.120 68.780 68.780 40.940 35.080 68.780 68.780 128.200 128.200 40.940 54.760 

Industry Outer Diameter, Do (mm) 73.000 60.300 42.200 73.000 48.300 88.900 101.600 73.000 73.000 48.300 42.200 73.000 73.000 141.300 141.300 48.300 60.300 

Pipe Thickness (mm) 2.110 2.770 3.560 3.050 3.680 3.050 5.740 2.110 2.110 3.680 3.560 2.110 2.110 6.550 6.550 3.680 2.770 

Pipe Area (m2) 0.004 0.002 0.001 0.004 0.001 0.005 0.006 0.004 0.004 0.001 0.001 0.004 0.004 0.013 0.013 0.001 0.002 

Volumetric Flow Rate (m3/s) 0.003 3.099E-04 0 0 0.001 0 0.005 0 0 1.680E-04 0 0 1.006E-05 0.003 0.029 1.01E-06 0.005 

Velocity (m/s) 0.795 0.132 0 0 0.982 0 0.768 0 0 0.127 0 0 0.003 0.227 2.271 0.001 2.081 
 

Table 11: Environmental Impact Assessment (EIA) 
Factor Affected aspect Potential Impact Mitigation measures Malaysian Regulations 

Syngas Release x Air Quality x Increase in concentration of greenhouse gases (CO2, CO) in the surrounding atmosphere further 
deteriorates the global warming issue leading to climate change.  

x CO poisoning may result in cardiovascular mortality and myocardial infarction 
x Pollutants accompanying the release of syngas results in an increased APIa. 
x Practically, potential release of acidic gases like H2S and nitrogen-based gases although elemental 

concentration of Sulphur and nitrogen in the biomass and plastic waste is neglected  

x Additional carbon capture systems such as MEA chemical absorption system or Pressure 
Swing Absorption (PSA) to be installed in addition to the membrane system.  

x Downstream acid gas removal (AGR) systems can be installed but at the expense of increased 
capital cost.  

x Malaysian air quality standards are used as a reference to ensure gaseous emissions are in 
line with the authorities’ requirements.   

x Stack Gas Emissions Standards from 
Environmental Quality (Clean Air) Regulations 
1978 

x Recommended Malaysian Air Quality 
Guidelines (Ambient Standards) (2010a) 

Release of Fly ash and char x Land Pollution x Improper disposal of fly ash particles, particularly those below 10 microns may result in a fire 
(Sansaniwal, Rosen, and Tyagi 2017)  

x Fly ash has to be stored in a closed and moist condition.  x Environmental Quality (Clean Air) Regulations 
1978 

Release of dust particulates x Air Quality x A faulty gasifier may generate hot dust particulates, which could ignite flammable materials thus 
leading to a fire.  

x From the viewpoint of health, exposure to excessive amounts of dust can cause lung damage, skin 
and eye irritation among process plant workers and surrounding populations (Kumar et al. 2015). 

x Constant maintenance work has to be carried out to ensure all equipment in the process are 
working in tip top conditions.  

x Enforcement of no smoking zones is necessary throughout the whole process plant to reduce 
the risk of flammable material ignition.   

x Mandatory personal protective equipment (PPE) which include a face mask, goggles and 
gloves are to be worn by all workers at all times during working hours. Visitors entering the 
plant should be given these PPE as well.  

x Environmental Quality (Clean Air) Regulations 
1978 

 

Discharge of toxic water into 
natural streams 

x Aquatic Ecosystem 
x Surrounding 

population 
x Water BOD 

x The health of the aquatic ecosystem is at stake. Aquatic animals may be poisoned by the toxic water 
or may be born with deformities leading to an imbalance aquatic ecosystem. 

x Food chain of aquatic life is disrupted as natural streams have been contaminated with toxic 
chemicals such as hydrocarbons and aromatic compounds, which may eventually lead to death if 
consumed in large amounts.    

x A surrounding population that uses river water for daily activities or consumption may face health 
issues.  

x Contaminated liquid effluents are to be sent to a wastewater treatment plant (Eg: Samalaju 
Water Treatment plant) before releasing into natural streams to ensure its discharge to the 
surrounding natural streams are in line with the Malaysian DOE requirements. 

x An in-house wastewater treatment plant should be considered as part of the design to ensure 
effluents discharged to meet the DOE requirements. 

x Environmental Quality (Industrial Effluent) 
Regulations 2009 

x Environmental quality (Control of Pollution from 
Solid Waste Transfer Station & Landfill) 

Tar (mixture of aromatic 
compounds) release 

x Human Health 
x Environment 

x Secondary tar such as xylene, toluene may lead to health complications such as skin, eye and throat 
irritation, headache and anemia in some cases. 

x When in soil or water, these aromatic compounds decompose in the presence of oxygen, thus 
contaminating groundwater (Kumar et al. 2015). 

x Can be sold in bulk quantities as building material for road construction.   x Environmental Quality (Scheduled Wastes) 
Regulations 2005 

Daily Plant Operations x Noise pollution 
x Thermal Pollution 

x Primary sources of sound as part of plant daily operations would be from steam generator, cooling 
tower, feedstock grinder, pumps, and also from piping flow (2007a)   

x Noise from equipment may also expose the surrounding population to sleep disruption, thus leading 
to health problems such as a headache. The rate of hearing loss among plant workers may increase 
as a result of exposure to loud noise on a daily basis.  

x Noisy equipment may also result in unclear emergency alarm sounds and communication from one 
worker to the next may also be hampered. In worst case scenarios, unwanted accidents may occur 
as a result of miscommunication and unclear warnings. 

x Plant surroundings are warm and humid as gasifier operates at very high temperatures; greater than 
800 0C. 

x Acoustic insulation of these sound sources may be applied but at the expense of increased 
CAPEX.  

x Hearing protection equipment such as ear plugs should be worn by all workers at the site 
during maintenance or repairing work (2007a). 

x Noise-producing equipment such as pumps should be constantly serviced so that its noise 
level does not increase as it ages on.  

x Noise dampening equipment to be installed within admin building so that the noise does not 
irritate those working indoors.  

x Factories and Machinery (Noise Exposure) 
Regulations 1989 (Malaysia) 

Start-up of the plant x Ecosystem 
Destruction 

x Climate change 
x Aesthetics 
x Noise pollution 

x Deforestation activities carried out to make way for plant start-up leads to loss of wildlife habitat, 
resulting in an imbalanced ecosystem.  

x Trees that function as forest canopies to hold heat during the night and block sun ray during the 
day have been cut down, leading to an increase in surrounding temperatures (2017a) 

x Bulk quantities of solid waste will be generated as a result of heavy logging activities. These solid 
wastes will eventually flow into surrounding natural streams, causing pollution and affecting the 
aquatic life.     

x During the construction period of the process plant, the noise would be generated by heavy vehicles 
(bulldozers, trucks, cranes, scrapers). 

x A detailed plant layout has to be designed and prepared in advance so that there is no 
excessive land wastage.  

x Proper handling of deforestation waste is necessary. These include sending them to paper 
product manufacturing centers for recycling.  

x Environmental Quality (Prescribed Premises) 
(Scheduled Wastes Treatment & Disposal 
Facilities) Order 1989 

aAir pollutants included are ozone, CO, NO2, SO2 and particulate matters with diameters less than 10 microns  
 



 

Table 12: Review of Hazards associated with Process Materials involved  
Process 
Material Method of Exposure Hazards 

Identification Consequences Accidental Release Measures / Firefighting Storage and Handling Methods 

Carbon 
Dioxide, CO2  

(2016a) 
 

Capture and Venting of CO2 into 
surrounding atmospheres 

x Asphyxiant 
x Flammable 
 

x Asphyxiant nature when inhaled in high concentrations  
x May cause skin frostbite upon contact with the liquid. 
x CO2 pressurized and stored in a container may explode when exposed to heat.  
x Electrical discharge and high temperatures (> 520C)  may result in decomposition of CO2 into CO 

and O2 

x The victim should rest and be in a comfortable 
breathing position. 

x Frostbitten area should immediately be warmed 
with water at tolerable skin temperatures for at 
least 15 minutes.  

x Check oxygen levels before entering the process plant. This is 
simply because CO2 is odorless and gives no warning despite it 
being present in high levels.  

x Never apply flame or heat directly to a storage container.  
x CO2 storage containers should be equipped with a pressure relief 

device 

Carbon 
Monoxide, 

CO  
(2016b) 

. 

Leakage of CO from storage tank x Extremely 
Flammable Gas 

x Asphyxiant 
x Toxic 

x Chemically Asphyxiant even in the presence of adequate oxygen. Dizziness may occur when 
exposed to low concentrations of CO for prolonged periods. 

x May explode when exposed to heat sources.  
x Able to form explosive mixtures with air and/or oxidizing agents. 
x Repeated exposure to CO may result in organ damage particularly the central nervous system. 

x Evacuation of all personnel from danger area is 
necessary.  

x The victim should rest and be in a comfortable 
breathing position. 

x Upon skin contact, immediately rinse with soap 
and water. In the event, irritation persists, seek 
medical advice.  

 

x Store in a cool and enclosed room where temperatures do not 
exceed 52 0C, away from ignition sources such as sparks, hot 
surfaces, and open flames.  

x Ensure “No Smoking Zone” and/or “No Open Flames” signage are 
present around the process plant. 

x Wear safety goggles with side shields to reduce the risk of CO 
being in contact with eyesight.  

x CO containers should be equipped with a Pressure relief device.  

Hydrogen, H2  
(2007b) 

 

Leakage of H2 from storage tank x Extremely 
Flammable Gas 

x Explosive 
x Asphyxiant 

x Hydrogen gas has low ignition energy hence easily ignited and burns with an invisible flame. 
x Able to form explosive mixtures with air and/or oxidizing agents. 
x Lack of Oxygen in the rich-in-Hydrogen environment can result in death.  

x Move victim to a location rich in the fresh air.  
x In an explosion, evacuation of all personnel from 

danger area is necessary and slip on breathing 
apparatus. 

x Keep storage tank away from heat, open flame or spark sources.  
x Ensure “No Smoking Zone” and/or “No Open Flames” signage 

surrounding the Hydrogen storage tanks. 
x Ensure cylinders are always in an upright position and protected 

from damage.  
x Empty and full H2 cylinders should be separately stored.  

Methane, CH4 
 

Leakage of CH4 from storage tank x Extremely 
Flammable 

x Explosive 
x Asphyxiant 

x Inhalation of moderately concentrated Methane gas may result in rapid suffocation.  
x Able to form explosive mixtures with air 
x May cause skin frostbite upon contact with liquid 

x Extinguish with water spray, CO2 or powder if 
fire does not burn out by itself 

x Spray the cylinder with water to keep it cool in 
the event of a fire outbreak.  

x Evacuation of all personnel from danger area is 
necessary.  

x Move victim to a location rich in the fresh air and 
allow the victim to rest.  

x Frostbites should be treated by rinsing the spot 
with plenty of water. If irritation persists, seek 
medical attention.  

x Stored in a cool and well-ventilated place. 
x Ensure “No Smoking Zone” and/or “No Open Flames” signage 

around process plant. 
x Empty and full methane cylinders should be separately stored. 
x Protect methane cylinders from damage.  

Tar 
 
 

The release of Tar into surrounding natural 
streams after being scrubbed off in 
conventional water scrubber. 

x Irritant 
x Toxic 
x Flammable 
x Carcinogenic 

x Tar can cause irritation to the eyes, skin, nose, and throat. 
x Accidental ingestion of tar, though unlikely, may lead to breathing difficulties, dizziness, causes 

nervous system issues, liver damage and eventually death.  
x Long term effect of tar ingestion includes deformity in unborn babies. Repeated exposures to tar 

may result in liver and/or kidney damage, also proven to be cancerous.  

x Relocate the victim to a region rich in fresh air, 
also ensuring that the victim’s breathing pathway 
is clear of any obstructions.  

x In the event of an eye exposure, immediately 
wash the eye with fresh water for about 15 
minutes (2017b) 

x Mandatory personal protective equipment (PPE) which include 
face mask, goggles and gloves are to be worn by all workers and 
visitors who are present in the plant (2009) 

x Store in an enclosed and well-ventilated place, away from all 
possible ignition sources.  

x Avoid consumption of food or drinks, also avoid smoking when 
handling tar.  

x Tar-contaminated clothing should not be worn out of the process 
plant.  

x Tar spillage should be cleaned and soaked up using absorbent 
materials such as sand or vermiculite 

x Foam/CO2/Water spray can be used to put out small fires caused by 
tar (2015) 

Fly Ash and 
Dust 

A by-product of biomass gasification as a 
result of unburnt carbon. Ash is released 
from the gasifier bottom.  

x Irritant 
 

x Overexposure of fly ash and dust can lead to acute irritation of eyes and skin. In worst case 
scenarios, the human lungs may also be potentially affected and are possibly carcinogenic. This 
is simply due to the presence of crystalline silica, a cancer-causing compound (2001) 

x Chronic exposures to dust may result in inflammation of the cornea and also in the interior nose 
lining.  

x Ingestion of fly ash can be treated by ensuring 
that the victim consumes large amounts of water.  

x Skin irritation can be treated by washing the 
affected spot with small amounts of soap and 
water. 

x Eye irritation can be managed by flushing it with 
water for at least 15 minutes.  

x If ash is to be transported out of the process plant by loading it on 
trucks, ensure that the ash is wetted to prevent dusting.  

x Safety OSHAa / NIOSHb – approved respirators and tight-fitting 
goggles are recommended for use around process plants. 

x Within process plant, ash is to be stored in dry conditions. 
x To prevent accidental ingestion, good hygiene has to be practiced. 

This includes washing hands and face before touching and 
consuming any food or drinks (2001).   

a OSHA- Occupational Safety and Health Administration 
b NIOSH - National Institute for Occupational Safety and Health 

Table 13: Contingency Plans 
Event Likelihood Contingency Plan 
Fire and 
Explosion 

Possible x The chemical plant is thoroughly earthed to prevent electrostatic discharge from electrical conductors, which can be a source of 
ignition. 

x Control temperature of rooms where flammable materials such as hydrogen and carbon monoxide are stored. 
x A good ventilation system should be installed to avoid accumulation of dust in the air. 
x Maximum operating temperature and a flash point of liquid should be kept at 5 oC apart during operation.  
x Usage of an inert gas blanketing (nitrogen) system to suppress flammable atmosphere. 
x The release of dust from unit operations into the atmosphere should be minimized and monitored at all times. 
x Employers and employees are well-informed of emergency and post-incident contacts. 
x Ease of access to fire extinguishers and first aid supplies for emergency purposes is necessary. 
x Personnel training with respect to emergency response is mandatory. 
x Personnel is briefed thoroughly regarding plant evacuation plan and the designated assembly point.  

Gas 
Leakage 

Possible x Installation of gas leakage detection and prevention system  
x Installation of alarm system to notify personnel when a gas leakage occurs  

x Closure of relief valves to minimize the escape of combustible gases from equipment.  
x Ensure gas leaks are not exposed to any possible ignition source.  
x Personnel is advised to carry out gas screening to clarify the amount of gas leakage.  
x Installation of an efficient room ventilation system. 
x Personnel is required to join workshops on handling and prevention of gas leak situations.  
x Regular maintenance of equipment dealing with combustible gases.  
x A plant design that allows escape of gas into the atmosphere in desperate situations is necessary 

Water and 
power 
shortages  

Likely x Construction of a desalination plant which obtains its water supply from nearby seas for temporary water supply and electricity 
generation via a steam boiler.  

x Construction of an alternative water storage tank that can support the existing plant in the event of water shortage.  
x Installation of electricity generators for temporary usage upon emergency power shutdowns until electric power is available.  



 

Project:  
Catalytic Co-gasification of Biomass and Plastic Wastes mixtures with in-situ CO2 capture for enriched Hydrogen Production Date: 4th September 2017 

Node Description:   
HAZOP Lead: Farah Amelia Ameerul Afiq HAZOP Scribe: Phuan Soon Lee, Neoh Yen Chee, Jason Tiong Sie Yeen, Christine Ann Obek 

 
Equipment Parameter Guideword Possible Cause (s) of Deviation Consequences Existing Safeguard Recommendations Action 

Fluidized Bed 
Gasifier 

Temperature High x Lack of maintenance due to limited budget  
x Inexperienced personnel operating equipment  
x Unaware of desired operating condition of equipment  
x Lack of knowledge regarding the danger of operating the 

desired condition  

x Reduction of produced gas quality  
x Tendency for explosion to occur increases due to overheating 

 

x Temperature alarm will sounds when 
the maximum operating temperature 
is exceeded. 

x Installation of fire alarm to notify personnel during 
emergency situation 

x Installation of surveillance system around plant to 
monitor any fire or explosion incidents 

x Operator on duty has to monitor the temperature of 
gasifier periodically and report any abnormality to 
process engineers  

x A log book to record the activity of gasifier is 
prepared so that operators, process engineers, and 
employers are aware of equipment condition 

Pressure Higher x Outlet stream of gasifier is blocked by solid feedstock  
x Excessive inlet temperature 

x Flow of outlet stream is reversed  
x Safety valves open and gases in outlet stream is vented into the 

atmosphere 

x Pressure relief valves will open when 
the pressure builds up inside the 
gasifier 

 

x Installation of flare system to allow safe venting of 
gases to environment (2) 

x Process engineer has to ensure solid feedstock is 
crushed into the desired size.  

x Frequent checking of the condition of safety valves 
especially during the sudden increase of pressure. 

Flow No x Outlet stream of gasifier is blocked by solid feedstock  x Flow of outlet stream is reversed  
x Low production of gas  
x Rupture of outlet streams  
x Pressure builds up which leads to pipe damage when pressure 

relief valve fails to open 

x Flow control valve will enable or 
constrict the flow. 

x Installation of low flow alarm to notify the operator 
during low flow rate 

x Process engineer has to ensure solid feedstock is 
crushed into the desired size  

x The operator needs to monitor the crushing process of 
solid feedstock.  

x Process engineer needs to monitor the consistency of 
the amount of gas coming out of outlet stream.  

x The operator needs to record the amount of gas 
produced in the log book.  

Corrosion  More x Solid particulates produced in the gasifier  x Fouling of equipment  
x Additional budget required to replace corroded pipeline  

x Coat the pipeline with cathodic 
protection (3) 

x Usage of cleaning pigs to remove solid contaminant in 
pipelines (3) 

x Process engineers should design a process that 
produces less solid particulates.  

x The operator should carry out maintenance regularly 
to check for sign of corrosion (i.e. cracking of 
equipment). 

Fixed Bed 
Gasifier 

Flow No x Outlet stream of gasifier is blocked by solid feedstock  x Flow of outlet stream is reversed  
x Low production of gas  
x Rupture of outlet streams due to pressure builds up which leads 

to pipe damage when pressure relief valve fails to open 
 

x Flow control valve will enable or 
constrict the flow. 

x Installation of low flow alarm to notify the operator 
during low flow rate  

x Process engineer has to ensure solid feedstock is 
crushed into the desired size  

x The operator needs to monitor the crushing process of 
solid feedstock.  

x Process engineer needs to monitor the consistency of 
the amount of gas coming out of outlet stream.  

x The operator records the amount of gas produced.  
Leakage As well as x Cracking of equipment due to prolong operating on high 

temperature  
x Release of carbon dioxide into the atmosphere  
x Endanger human’s health 
x Lower the temperature of plant (embrittlement) 
x Weaken the sealing and sealing compounds in hydrocarbon 

processing 

x Installation of carbon dioxide 
detector to detect abnormality of 
carbon dioxide content in plant and 
air.  

x Installation of temperature alarm to notify operator 
when there is sudden increase in temperature that 
could cause pressure to increase  

x  

x Operator, process engineers, and employers need to 
wear complete PPE when there is carbon dioxide 
leakage in plant and safety data sheet of carbon 
dioxide should be provided 

x Process engineers and operators should be briefed 
about the danger exposure to carbon dioxide and its 
leakage  

Temperature High x The high temperature of fluidized bed gasifier produces hot 
syngas.  

x Since carbon dioxide is flammable, exposure to high 
temperature may cause fire and explosion. 

x The release of carbon dioxide into the environment.  
x Jeopardize health and safety of personnel   

x Temperature alarm will sound when 
the maximum operating temperature 
is exceeded. 

x Installation of carbon monoxide detection system as 
carbon dioxide may decompose into carbon monoxide 
and oxygen (1) 

x Installation of fire alarm to notify personnel during 
emergency situation  

x The operator should monitor the temperature of 
gasifier during operation.  

x Process engineer should ensure the temperature of 
syngas entering gasifier does not exceed maximum 
operating temperature 

Scrubber Pressure 
(Friedrich 

Lettner 2007) 

Higher x Malfunctioning of the pressure sensor, a major component 
of the pressure control system. Besides, blockage of 
pressure safety valves may result in pressure buildup within 
the vessel 

x Inadequate maintenance of the gas scrubber system leads to 
malfunctioning systems.  

x As pressure builds up to a greater extent within the scrubber, 
the walls of the scrubber may not be able to withstand the 
pressure and will eventually crack 

x Gas leakage into surrounding atmosphere leads to a reduction 
in production rate, at the same time increasing the 
concentration of greenhouse gases in the surrounding 
atmosphere and toxic gases such as CO. 

x Pressure control valve  
x Pressure relieve valve, a set pressure 

that would cause the metal disc to 
rupture. Typically above set pressure 
of pressure control valve. 

x Ensure PPE is worn at all times by workers on-site.  
x Constant monitoring of pressure control system 

readings by workers in charge although control system 
is working at its best 

 

x Perform maintenance work on pressure control system 
to ensure that it is up to date as well as to lower the risk 
of pressure build up annually.  
 

Corrosion More x Tar deposits, as a result of condensed tar, along with the 
solid particles forms highly corrosive acid solution, 
therefore leading to fouling on the inner surface of the 
scrubber wall.  

 

x Corrosion leads to decrease in scrubber wall thickness. As wall 
thickness reduces, the scrubber is prone to mechanical failure, 
leakages or even function failure (2010b).  

x Leakage in scrubber will lead to reduced production rate and 
pollution of environment  

x Composition analyzer  x Install a composition analyzer at the outlet of the 
scrubber gas stream to ensure that the quality of the 
product gas stream is as required.  

x Construct scrubber wall using a higher grade corrosion 
resistant material such as SS 430 instead of SS 316.  

x Perform annual maintenance on the installed 
composition analyzer.  

x Perform economic analysis on the plant when using 
SS 430 as pipe construction material instead of SS 
316.  

Temperature Higher x Hot flue gas entering the scrubber is not cooled to a 
temperature low enough 

x A temperature sensor (temperature control system) within 
the scrubber is not functioning at its best possible due to lack 
of maintenance. 

x The faulty temperature control system may lead to 
uncontrollable temperatures within the scrubber. This, in turn, 
may result in melted and burnt scrubber internals. 

x Residues of melted and burnt internals may exit along with the 
product gas stream.  

x Temperature alarm will sound when 
the maximum operating temperature 
is exceeded. 

x Install secondary safeguarding (temperature alarm 
system), which includes a High and low-level alarm to 
alert operators when high-temperature conditions occur.  

x Install composition analyzer to review the composition 
of exit gas stream.  

x Perform scheduled maintenance work on the 
temperature control system so that the plant is assured 
of plausible exit gas stream data.  

Membrane 
Separator 
(Gabriele 
Clariziaa) 

Flow More x Membrane separator fails to function as usual 
x Temperature increase within the separator results in an 

increased velocity of separator inlet.  
x Faulty valve (partially closed) on the retentate side of the 

membrane separator.  
x Poor maintenance and monitoring of equipment used by 

plant operators.  

x Failure of membrane separator leads to no separation of CO2 
from the syngas stream. The membrane separator will then be 
of no use.  

x Increased velocity of feed entering the membrane separator 
will lead to an increase in pressure drop and also purity loss of 
the final product stream. 

x A faulty valve on the retentate side will lead to a reduced 
separation efficiency 

x Flow control valve will enable or 
constrict the flow 

x Substitute membrane with a brand new membrane. 
x A high-temperature alarm (considered secondary 

safeguarding) should be installed 
x Constant checking of instrumentation conditions on a 

monthly basis.  

x Perform scheduled maintenance on membrane 
separator, temperature control systems and all 
instrumentations present to ensure it is working at its 
best.  

Flow No x Leakage of gas via pipes 
x Valves upstream of the membrane separator are blocked. 
x Temperature decrease within the separator 
x Membrane aging issues 

x Leakage of gas and blocked valves lead to 0% separation and 
overpressure within pipes respectively. Overpressure may 
eventually lead to pipe bursting, thereby resulting in the gas 
dispersion. 

x Formation of condensates on membrane surface as a result of 
decreased temperature within the separator. 

x Ageing membranes result in a reduced separation efficiency.  

x Flow control valve will enable or 
constrict the flow 

x Pipe bursting issue can be avoided by inserting a relief 
valve. 

x The aging membrane should be replaced with a brand 
new membrane.  

x Maintenance of relief valve has to be carried out 
annually  
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